


2.3.2 METHOD 3 - ALTERNATIVE 2 : 7A-3P, PUBLICITY

2.3.2.1 Introduction and Input Sheet

Inspection of the Summary View shows design demand from 3P-5P NW and from 4P-5P
SE are larger than average, and their user cost values are aso larger than average. We will there-
fore calculate impacts for reducing the work day to lane-closed hours per day = 8 hr by reopening
the lane at 3:00 PM instead of 5:00 PM. We will use the same public information program used in
7A-5P, Publicity. Therefore the “WITH PUBLICITY” Input Sheet in Fig. 2-9 appliesto this al-
ternative, and all traffic input values are the same, except capacity = 3400 VPH from 3P-5P. We
call this aternative “ 7A-3P, Publicity” to reflect the 7A to 3P lane closure.

2.3.2.2 Traffic Sheet

We add Method 3 vaues to the Summary View in the Traffic Sheet. This consists of
copying and pasting all input values from Method 2, using Paste Values. We enter the method
title and change to capacity = 3400 for 3A and 4A. We push Calculate for each direction, and
CO?® computes al output values, which are summarized in 7A-3P, Publicity Summary Outpui.
This indicates that total user cost has decreased by about $7,000 each day. We do not know
whether there is a net benefit, until we consider construction cost impact of changing the work

day.
2.3.2.3 Construction Cost Sheet

2.3.2.3.1 Introduction

At this point, we need to estimate constr uction cost for working eight hours per day in-
stead of the more typical 10 hours per day. “7A-3P, Publicity” isthe first dternative for which we
need the Construction Sheet to estimate construction cost impacts, because changing the lane-
closed hours changes the work hours, which changes construction costs. Fig. 2-10 shows a com-
pleted Construction Cost Sheet that includes the appropriate alternative: “8 hr day shift, with
publicity.”

The purpose of the Construction Sheet is to estimate and document project cost for ater-
native ways of maintaining traffic and changes in construction they require, based on the project
cost of the Standard Case. We do this by first estimating the contract cost and lane-closed days
for the Standard Case. We then estimate the portions of the total Standard Case cost that will be
affected by changes in the alternatives and pertinent values for those portions. Then we input cor-
responding values for each aternative. The Construction Sheet then calcul ates the estimated |ane-
closed days and project cost for each adternative.

The Construction Sheet is not used to calculate the impacts for the standard method of
performing the work. And we can calculate the total project cost for some aternatives without
using the Construction Sheet. For example, we calculated the construction cost impact for the
publicity program in Sec. 2.3.1.4.2, pg. 2-18 without using the Construction Sheet, because pub-
licity did not impact normal construction costs. However, we have shown this as Alternative 1,
“10 hr day shift, with publicity”, in Fig. 2-10 to demonstrate how the project cost for “ 7A-5P,
Publicity” can be calculated on the Construction Sheet.
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2.3.2.3.2 Standard Case

We must first enter information for the Standard Case, because that provides the base for
estimating the cost of performing the work in an aternative manner. We name the Standard Case
“10 hr day shift”, which describes the construction context. In that |eft side input column, we en-
ter the first three input values: Estimated contract cost = $500,000, lane-closed days = 12, and
lane-closed hour s per day = 10, which we discussed in Sec. 2.2.5.2.2, pg. 2-15. We continue
entering vaues for input variables, and we document each in the right column (shown in parenthe-
ses below). For example, we see contract cost was estimated in the normal way (Est. normal
way), and lane-closed days was calculated from 4 lanes of 6 milesin 2 mile segments (Est: 4 lanes
X6 mi @ 2 mi per day = 12 days). L ane-closed days per work day = 1.00 (default. W/ daily clo-
sure, no reason to work weekends, etc). Relative productivity = 1 (default). The documentation
leaves an informal record by which we can trace our decisions and sources.

We have estimated labor cost % = 30%, because the work is not labor intensive, but la-
bor probably costs more than equipment (Not labor intensive. Labor > equip. Materia islarge).
We estimate daily lane closure and reopening takes one hour each work day (Est lane closure +
lane opening = 1 hr per day) for this project, so productive hours per shift = lane-closed hours
per day —1 =9 hr. Thelabor cost for closing and opening lanes, which is often included in the
“traffic maintenance” contract pay item, isincluded in the contractor’s labor cost. The Construc-
tion Sheet calculates labor cost = $150,000. Thisis not important in itself; it isused only asa
base for estimating cost differences for other alternatives.

We estimate equipment cost % = 20%, from which equipment cost, relative =
$100,000. We do not expect other costs to vary significantly enough from one alternative to an-
other to break them down. [Note: All significant work is expected to be done while lane is closed.
Therefore, our estimates of labor cost % and equipment cost % infer that material cost plus other
contract cost = 50%. Material cost is not input, because its cost is not significantly impacted by
changes in traffic maintenance.]

2.3.2.3.3 Alternative 2: 8 hr day shift, with publicity

The most notable difference between this aternative and the Standard Case is that work
will only be performed eight hours each work day, and lane-closed hours per day = 8 hr. We
also input our estimated cost for the public information program. These, and other important dif-
ferences among aternatives are marked with an ellipse, ———, to indicate their importance.

Calculations show working fewer hours each day has increased work days from 12 to
15.4 days and total paid hoursfrom 120 to 123.4 hr, producing estimated labor cost difference
= $4,286. That, plus the cost of publicity = agency total cost = $17,714, increases contract cost
by $4,286 and project cost by $22,000. This aternative has therefore added additional cost for
3.4 hr for 3.4 days of lane closure plus cost of publicity to the Standard Case.

2.3.2.4 Impact Sheet

The Impact Sheet shows “7A-3P, Publicity” reducestotal user cost by 311,000 — 292,000
= $19,000 and reduces average delay by 3.8 - 2.7 = 1.1 sec, but it increases project cost by
$6,000. The net impact isto decrease total project cost by $16,000. Thisisasmall and not par-
ticularly significant improvement. We would like to do better.
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2.3.3 METHOD 4 - ALTERNATIVE 3 : NIGHT, 8P-6A

2.3.3.1 Introduction

Methods 1, 2, and 3 have high user costs, and there are no apparent variationsin the tim-
ing of daytime lane closures that will reduce them significantly. Therefore, we will calculate im-
pacts of closing lanes and performing work at night, when demand is low.

2.3.3.2 Summary View

We expect work will be performed 10 hours per night, during lane closure. Design de-
mand < capacity = 1400 VPH in both directions from 8P to 7A. We select 8P to 6A as the lane-
closed period for our calculations, and we name this method “Night, 8P-6A” to represent its pri-
mary characteristics.

There isno need for a public information program, if user cost islow. With low delay, we
disregard canceled and diverted vehicles (with no delay). We estimate canceled and diverted vehi-
cles with delay) are the same asin Method 1, with no publicity. We could show this on an Input
Sheet, but there is no real need to do so. Therefore, we Copy and Paste Va ue the Method Input
values from Method 1, except for canceled and diverted vehicles (with no delay). We input ca-
pacity = 1400 for the 10 periods titled 8P to 5A and capacity = 3400 for 6A to 7P. [Note: If there
isan end of period backup for 11P (midnight), a different Traffic Sheet must be used that ends at
aperiod that has no end of period backup.]

We click the Calculation button for Method 4, SE and then for Method 4, NW and CO?
computes the Summary Output values shown for Method 4 in the Summary View, Fig. 2-6. This
shows daily total user cost is reduced to less than $5,000 in each direction, which is only about
20% of the 10 hour day shift, with publicity.

2.3.3.3 Construction Sheet

Night work differs significantly form day work. We estimate r elative productivity = 0.95
(cxcept night est = 0.95), due to working off-hours, with less light. which is a significant reduc-
tion. It could be as low as 0.90. We estimate equipment cost/hr/item, relative = $500 for light-
ing and related items (Est lighting and other nighttime related small equipment items). We esti-
mate material cost is about 30%, which will increase 2%, which adds 2% * 30% * $500,000 =
$3,000 (Est 2% x (material = 30%) x $500,000 = $3,000). We estimate project overhead and
markup = 20% of contract cost and this will increase about 10% for nighttime work, atotal in-
crease of other % cost = 2% (Misc 10% x (20% cost) for night). Construction Sheet calculations
show project cost = $532,923, an increase of $32,923 above the Standard Case. L ane-closed
daysincreased 0.6 days to 12.6 days, because of reduced productivity.
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CONSTRUCTION COST SHEET Project:|US 00 Overlay (Example Problem)
By:|R. I. Carr 10/18/96 < _important_
Other:
CONSTRUCTION COST Standard Case | Alternative 1 Alternative 2 Alternative 3
Coby This Sheet Std = 10 hr day. Add publicity, at Some cost, but {0 reduce user
General Input 10 hr day shift, | 8 hr day shift, cost. 8 hr day shift tries to avoid rush hours. Night avoids most
method| 10 hr day shift with publicity with publicity | 10 hr night shift |traffic.
contract cost ($)| $500,000 NA NA NA Est, normal way
lane closed days (day) 12 NA NA NA Est: 4 lanes x 6 mi @ 2 mi per day = 12 days
lane closed days per work day] 1.00 1.00 1.00 1.00 default. W/ daily closure, no reason to work weekends, etc
lane closed hours per day (hr/day)| 10 10 < 8 > 10 Lane is closed while work is done.
relative productivity' 1 1 1 < 0.95 Jdefault, except night est = 0.95
Labor Cost
labor cost % 30% NA NA NA Not labor intensive. Labor > equip. Material is large.
fixed mobilization (standard crew hr)‘ 0.00 0.00 0.00 0.00 default. No labor cost for mobilization w/ lane open.
shifts per day 1.00 1.00 1.00 1.00 default
crews per shift 1.00 1.00 1.00 1.00 default
workers per crew (relative)‘ 1.00 1.00 1.00 1.00 default
productive hours per shiff] 9.00 9.00 7.00 9.00 Est lane closure + lane opening = 1 hr per day
paid hours per shiff] 10.00 10.00 - 8.00 b 10.00 default = same as lane closed hr
% premium time 0% 0% 0% 0% default
premium cost ($PT/$ST)] 1.40 1.40 1.40 1.40 default
workers (relative)| 1.0 1.0 1.0 1.0
work days| 12.0 12.0 154 12.6
lane closed days (day) 12.0 12.0 154 12.6
productive hours, total 108.0 108.0 108.0 113.7
orker production hours, total (relative) 108.0 108.0 108.0 113.7
paid hours, total (relative) 120.0 120.0 123.4 126.3
cost per paid hour (relative) 1.00 1.00 1.00 1.00
labor cost index 1.00 1.00 1.03 1.05
labor cost ($) $150,000 $150,000 $154,286 $157,895
labor cost difference ($) na $0 $4,286 $7,895
Equipment Cost- Relative Based
equipment cost % 20% NA NA NA Equip significant, < labor or material.
relative number of items 1.0 1.0 1.0 1.0 default
equipment fixed cost/item, relative
equipment fixed cost, relative ($) $0 $0 $0 $0
equipment cost/day/item, relative
equipment cost ($) (day based)* $0 $0 $0 $0
equipment cost/hr/item, relative 1.0 1.0 1.0 1.0 default
equipment cost () (hr based)* $100,000 $100,000 $100,000 $105,263
equipment cost, relative ($) $100,000 $100,000 $100,000 $105,263
equipment cost difference, relative ($) na $0 $0 $5,263
Equipment Cost - Total Based
relative number of items 1.0
equipment fixed cost/item, total
equipment fixed cost, total ($) $0 $0 $0 $0
equipment cost/day/item, total < $500 JEst lighting and other nighttime related small equipment items.
equipment cost, total ($) (day based)* 0 0 0 $6,316
equipment cost/hr/item, total
equipment cost,total ($) (hr based)* 0 0 0 0
equipment cost,total ($) $0 $0 $0 $6,316
equipment cost difference, total ($) na $0 $0 $6,316
Material Cost
material cost ($) $3,000 Est 2% x (material = 30%) x $500,000 = $3,000
materal cost difference ($)| na $0 $0 $3,000
Traffic Maintenance Cost
traffic maintenance fixed cost ($)|
traffic maintenance daily cost ($/day)
traffic maintenance hourly cost ($/hr)
traffic maintenance total cost ($)| $0 $0 $0 $0
traffic maintenance cost difference ($) na $0 $0 $0
Other Contract Cost nighttime
other % cost (%)| < 2.00% JMisc 10% x (20% cost) for night
other fixed cost ($)
other daily cost ($/day)
other hourly cost ($/hr)
other total cost ($) $0 $0 $0 $10,449
other total cost difference ($) na $0 $0 $10,449
Agency Cost publicity publicity
agency % cost (%))
agency fixed cost ($)| $10,000 $10,000 Est: publicity cost has first cost plus daily cost
agency daily cost ($/day)| $500 $500
agency hourly cost ($/hr)|
agency total cost ($) $0 $16,000 $17,714 $0
agency cost difference ($) na $16,000 $17,714 $0
Total Construction Cost
contract cost ($)| $500,000 $500,000 $504,286 $532,923
contract cost difference ($)| na $0 $4,286 $32,923
project cost ($)| $500,000 $516,000 $522,000 $532,923
project cost difference ($) na $16,000 $22,000 $32,923
10 hr day shift, | 8 hr day shift,
Summary method| 10 hr day shift with publicity with publicity | 10 hr night shift
lane closed hours per day (hr/day)| 10 10 8 10
lane closed days (day) 12.0 12.0 154 12.6
labor cost ($) $150,000 $150,000 $154,286 $157,895
project cost ($)| $500,000 $516,000 $522,000 $532,923

*Generally do not use both hr based and day based equip cost.
You can copy these values into

Impact Sheet.

Fig. 2-10 Example Project Construction Cost Sheet

CO® User Manual September 18, 1997 Page 2-23




2.3.3.4 Impact Sheet

Into the Impact Sheet we have input Summary Output from Summary View and Summary
from Construction Sheet, as shown in Fig. 2-6. Impact Sheet cal cul ations show nighttime con-
struction total user cost = $57,000, a reduction of $383,000 below 7A-5P and $220,000 below
7A-3P, Publicity. Maximum delay = 7.4 min, average delay = 0.7 min, % decreasein demand
= 1.4%, and total delay = 5,000 V hr. These are still significant, and we wish we could easily de-
crease them further, but they are acceptable.

We can achieve these reductions in traffic and user cost impacts at an increase in estimated
construction cost of $33,000 if we perform construction at night. Nighttime construction will
have other negative project impacts, including disturbing nighttime rest of neighboring residents.
With construction completing almost 2 mi per night, residents will be disturbed only two nights,
one for each direction of overlay. And they will not be disturbed or delayed by daytime construc-
tion congestion that would accompany daytime work. Overall, the benefit of nighttime construc-
tion significantly exceeds the cost to the degree such that nighttime construction is warranted if it
is otherwise practical. Certainly, this example project analysis indicates the project should be
planned for nighttime construction.

We can also explicitly consider “disturbance” costs for neighboring residents in our user
cost analysis. Example: We estimate there are 100 residences per two mile segment of work and
we estimate disturbance cost = $20/residence/night. Therefore, disturbance cost = 100 * 20 =
$2,000/night. Total disturbance cost = (2,000/night) * (12.6 nights) = $25,200. Including dis-
turbance cost in project cost produces total project cost = 590,355 + 25,200 = $615,555.

2.3.4 ADDITIONAL ALTERNATIVES

This example has demonstrated three common types of alternatives. Other aternatives are
briefly described below.

2.3.4.1 Different Size Crew(s)

The Standard Case estimates contract cost for the lowest bidding contractor, which will be
based on the most competitive crew size and equipment. We estimate that paving equipment pro-
ductivity and asphalt delivery are the elements that determine the rate of placing asphalt. Increas-
ing the crew size will increase hourly cost with little impact on hourly production and lane-closed

days.

2.3.4.2 Starting Work Earlier

Starting work before 7A will increase the fraction of work performed during off-peak de-
mand, and it will decrease traffic and user cost impact below working peak hours. Nighttime con-
struction is the most complete implementation of this strategy, and it produces the least conges-
tion. We will not consider other alternatives for starting work earlier here if night work is accept-
able. If night work is not acceptable, we then ook for a more acceptable way to avoid peak
hours. Thisincludes starting work earlier and working the standard 10 hr shift or paying overtime
to work longer shifts.

2.3.4.3 Multiple Crews

Two or more crews working simultaneously on the same lane would compl ete the work in
fewer lane-closed days. We estimate thisis not practical for this project, because it would be diffi-
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cult to coordinate multiple crews, perhaps of multiple contractors, including doubling or tripling
the frequency of asphalt truck deliveries.

2.3.5 SENSITIVITY ANALYSIS

Sengitivity analysisis calculation of differences in output that result from differencesinin-
put. We use sensitivity analysis to help us apply engineering judgment to CO® results and related
project decisions. In forma sensitivity analysis, we input different values of input variables into
our calculations to determine the impact that changes in input have on output and decisions. Fig.
2-11 isaSummary View that shows severa examples that we compare to Method 1 and Method
2inFig. 2-6. Input values in Fig. 2-11 that differ from Fig. 2-6 are marked with an elipse <>,
such as capacity = or canceled cars (with no delay) = £20% .

Method 1 and Method 2 in Fig. 2-11 are the same as Method 1 and Method 2 in Fig. 2-6,
except we have increased our estimate of capacity from 1400 VPH to 1500 VPH » 7%, to deter-
mine the impact of a higher estimate of capacity on 7A-5P lane closures. We see in summary out-
put that the increase in estimated capacity resultsin total user cost without publicity decreasing
$35,433 — $32,724 = $2,709 for SE and $37,919 — $34,553 = $3,366 for NW, which are de-
creases of about 9%. With a publicity program, total user cost decreases $25,250 — $24,425 =
$825 for SE and $26,599 — $25,731 = $868 for NW, which are decreases of about 3%. From this
sengitivity analysis, we see that user cost is sensitive to capacity. However, we do not expect that
possible inaccuracy in our estimate of capacity will substantially change our project cost estimates
or our major project decisions.

Method 3 in Fig. 2-11 isthe same as Method 1 in Fig. 2-6, except we have input canceled
cars (with no delay) = diverted cars (with no delay) = 2% instead of 5%, to determine the impact
of alower estimate of decrease in cars (with no delay) when lane closures are not announced. We
find that the lower estimates for decrease in cars result in total user cost increasing $40,793 —
$35,433 » 15% for SE bound traffic and $43,511 — $37,919 » 15% for NW bound traffic.

Method 4 in Fig. 2-11 isthe same as Method 2 in Fig. 2-6, except we have input canceled
cars (with delay) = diverted cars (with delay) = 2%/min instead of 3%/min, to determine impact of
alower estimate of decrease in cars (with delay) when lane closures are announced. This shows
the impact of aless effective publicity program. We find the lower estimates for decrease in cars
resultsin total user cost increasing $29,307 — $25,250 = $4,057 » 16% for SE bound traffic and
$30,993 — $26,599 = $4,394 » 17% for NW bound traffic. We also see backup in both directions,
which we do not have with the higher decreased cars (with delay). The changesininput in
Method 3 and Method 4 shows us that user cost is sensitive to our estimates of decreasesin traf-
fic, but possible inaccuracies in our estimates should not substantially change our project cost es-
timates or our major project decisions. The sensitivity of user cost to traffic decreases (with delay)
in Method 4 reinforces the need for publicity to guide usersto alternate routes to avoid backup
and resulting delays.
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2.4 PROJECT IMPLEMENTATION

2.4.1 INTRODUCTION

2.4.1.1 Construction Project Implementation

Construction project implementation decisions differ from decisions related to project
scope. In addressing project scope, we are primarily interested in selecting a practical method for
performing the work and producing realistic contract cost and user cost estimates. This provides
for practical and realistic decisions throughout the long life of project realization, from concept to
completion. Therefore, on project scope decisions for US 00 Overlay, we first determined that
traffic impact and user cost were significant. Then we determined that nighttime work was most
practical from a contract cost and user cost perspective. If nighttime work is not practical, for
other reasons, we determined the work should be performed during daytime, accompanied by an
appropriate public information program that eliminates backups. Therefore, the project scope
would select either nighttime work or daytime work with publicity, and CO® provides redistic es-
timates of user cost and contract cost for whichever of the two methods are selected. These esti-
mates are shown in the Impact Sheet described in Sec. 2.2.5 and shown in Fig. 2-8.

Implementation decisions are generally more detailed, because they determine the specific
charges to be included in construction contract Special Provisions for Maintaining Traffic (which
we call Specia Provisions, for short) for individual time periods for which the lane will be closed.
Period cost is our name for the specific charges that are included in construction contract Special
Provisions. The Impact Sheet provides for our project scope needs and for our decisions during
implementation on whether to specify period cost in contract Special Provisions. However, the
Impact Sheet and Traffic Sheet that we use for scope decisions usually does not provide the in-
formation we need to calculate period costs.

2.4.1.2 Average Traffic

For most construction projects in which both directions of traffic are approximately equal
in hourly traffic demand and construction work, we can specify the same traffic maintenance
methods and period costs for both directions. For such balanced projects, we can input average
traffic demand for the two directions to calculate user cost and period cost. If hourly traffic de-
mands in both directions are about equal, but there is an imbalance in construction work and
therefore duration of lane closure between the two directions, the average traffic demand can be
weighted accordingly. The genera formulafor average value of avariable, x, for directions a and
b, accommodates such an imbalance:

(average value of x) = (% closed), * x, + (% closed),, * Xy, (32)
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SummaryView

Copy This Sheet | period length (min) 60 PROJECT INFORMATION REPORT INFORMATION
annual traffic growth (%)|  5.00% PROJECT |US 00 Overlay REPORT |DETAILED USER COST REPORT
Update | years of growth 2 TITLE __|Example Problem TITLE _[SUMMARY VIEW
VEHICLE INPUT cars trucks Paste Values | C.s. 90000 DIVISION
design demand (%)] 90.0% 10.0% JOB # 00000 REPORT BY R. I. Carr
user cost per hour ($/V hr)] $10.79 $10.79 START DATE 6/00/98 REPORT DATE 1/2/97
user cost per mile, ($/V mi)] $0.30 $1.00 NOTES:
luser cost per cancellation, ($/V)] $1.00 $2.00
METHOD INPUT METHOD 1 METHOD 2 METHOD 3 METHOD 4
method title 7A-5P, No Publicity 7A-5P, Publicity 7A-5P, No Publicity 7A-5P, Publicity
capacity=1500 capacity=1500 lower decrease lower decrease
DISTANCE AND SPEED (mi) (mph)| distance speed distance speed distance speed distance speed
work zone method travel 2.0 see delay 2.0 see delay 2.0 see delay 2.0 see delay
normal travel 2.0 65 2.0 65 2.0 65 2.0 65
diversion method travel 12.0 50 12.0 50 12.0 50 12.0 50
normal travel 10.0 65 10.0 65 10.0 65 10.0 65
SPEED DELAY. threshold | range threshold| range threshold [ range threshold | range
capacity for speed delay (V/period) 1500 1500 1400 1400
speed (when D~0) (mph)) 45 45 45 45
speed (when D=C) (mph) 10 10 10 10
DECREASE TO DEMAND threshold | range threshold | range threshold | range threshold | range
capacity for decreases to design demand (V/period) 1500 1500 1400 1400
canceled cars (with no delay) (%) 5.0% 2.0% J
canceled trucks (with no delay) (%)
canceled cars (with delay) (%/min)| 1.0% 3.0% 1.0% 2.0%
canceled trucks (with delay) (%/min) 1.0% 1.0%
diverted cars (with no delay) (%) 5.0% 2.0%)
diverted trucks (with no delay) (%)
diverted cars (with delay) (%/min) 1.0% 3.0% 1.0% 2.0%
diverted trucks (with delay) (%/min) 0.5% 1.0% 0.5% 1.0%
OTHER USER COST INPUT Update | cars trucks cars trucks cars trucks cars trucks
other user cost per actual demand ($/V) $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00
user cost per diversion ($/V)| $1.53 $2.93 $1.53 $2.93 $1.53 $2.93 $1.53 $2.93
Paste Values Calculate | Calculate || Calculate | Calculate || Calculate | Calculate || Calculate | Calculate
Summary|Go To: Summary _ Overall Traffic User Cost — Combined Print: This Viewl Summary| Overall | All Setup
PERIOD INPUT backup at start (V)| 0 | 0 0 | 0 0 | 0 0 | 0
direction SE | NW SE NW SE_ | Nw SE_ | NwW SE__ [ Nw SE_ | Nw
period historical demand design demand capacity capacity capacity capacity
(hr) | (V/period) | (V/period) | (V/period)| (V/period)|| (V/period)]| (V/period)|| (V/period)| (V/period)|| (V/period)| (V/period)|| (V/period)| (V/period)
12A 436 416 481 459 3400 3400 3400 3400 3400 3400 3400 3400
1A 252 280 278 309 3400 3400 3400 3400 3400 3400 3400 3400
2A 195 152 215 168 3400 3400 3400 3400 3400 3400 3400 3400
3A 76 118 84 130 3400 3400 3400 3400 3400 3400 3400 3400
4 A 81 127 89 140 3400 3400 3400 3400 3400 3400 3400 3400
5A 133 151 147 166 3400 3400 3400 3400 3400 3400 3400 3400
6 A 431 557 475 614 3400 3400 3400 3400 3400 3400 3400 3400
7A 1280 1530 1411 1687 1500 1500 1500 1500 1400 1400 1400 1400
8 A 1681 2445 1853 2696 1500 1500 1500 1500 1400 1400 1400 1400
9A 1401 1658 1545 1828 1500 1500 1500 1500 1400 1400 1400 1400
10A 1473 1486 1624 1638 1500 1500 1500 1500 1400 1400 1400 1400
11A 1697 1607 1871 1772 1500 1500 1500 1500 1400 1400 1400 1400
12 P 1835 1958 2023 2159 1500 1500 1500 1500 1400 1400 1400 1400
1P 1735 1820 1913 2007 1500 1500 1500 1500 1400 1400 1400 1400
2P 1810 1903 1996 2098 1500 1500 1500 1500 1400 1400 1400 1400
3P 2211 1722 2438 1899 1500 1500 1500 1500 1400 1400 1400 1400
4P 2482 2111 2736 2327 1500 1500 1500 1500 1400 1400 1400 1400
5P 2606 2303 2873 2539 3400 3400 3400 3400 3400 3400 3400 3400
6 P 1965 1857 2166 2047 3400 3400 3400 3400 3400 3400 3400 3400
7P 1422 1335 1568 1472 3400 3400 3400 3400 3400 3400 3400 3400
8P 1238 1113 1365 1227 3400 3400 3400 3400 3400 3400 3400 3400
9P 1162 1091 1281 1203 3400 3400 3400 3400 3400 3400 3400 3400
10P 825 867 910 956 3400 3400 3400 3400 3400 3400 3400 3400
11 P 607 570 669 628 3400 3400 3400 3400 3400 3400 3400 3400
Total 29034 29177 32010 32168 62600 62600 62600 62600 61600 61600 61600 61600
7A-5P, No Publicity 7A-5P, Publicity 7A-5P, No Publicity 7A-5P, Publicity
SUMMARY OUTPUT traffic method capacity=1500 capacity=1500 lower decrease lower decrease
direction SE NW SE NW SE NW SE NW
total user cost]| $32,724 $34,553 $24,425 $25,731 $40,793 $43,511 $29,307 $30,993
user cost of delays|| $25,737 $27,097 $14,560 $15,292 $33,712 $35,697 $20,428 $21,532
user cost of decreases $6,987 $7,456 $9,865 $10,439 $7,081 $7,814 $8,879 $9,461
maximum backup (V) 101 224 0 0 443 335 101 81
can maximum backup length (lane mi 0.6 13 0.0 0.0 25 1.9 0.6 0.5
copy maximum delay (min.)| 14.2 19.1 8.9 8.8 26.9 245 14.2 13.6
these average delay (min)| 4.5 5.7 3.3 3.5 7.1 7.6 4.5 4.8
Allie total delay, except diversions (V hr) 1893 2511 1349 1417 3124 3308 1893 1996
into total vehicles canceled(V) 3343 2824 3772 3991 2651 2924 3343 3562
impact total vehicles diverted (V) 3343 2931 3772 3991 2779 3067 3343 3562
sheet total decrease in demand (V) 6686 5754 7544 7983 5430 5991 6686 7124
% decrease in demand 16.9% 17.9% 23.6% 24.8% 17.0% 18.6% 20.9% 22.1%
delay per diverted vehicle (min) 5.2 5.2 5.2 5.2 5.2 5.2 5.2 5.2
total diversion delay (V hr) 288 252 325 344 239 264 288 307
average delay, including diversions (min) 4.4 5.7 3.6 3.8 6.9 7.3 4.6 4.8
total delay, including diversions (V hr) 2181 2764 1674 1761 3364 3573 2181 2302
user cost / design demand $1.02 $1.07 $0.76 $0.80 $1.27 $1.35 $0.92 $0.96
| delay cost / actual demand $0.97 $1.03 $0.60 $0.63 $1.27 $1.36 $0.81 $0.86
Auto oN JPrint:]_ oN_ [Now oK [ validity of output] [ VALID VALID VALID VALID VALID VALID VALID VALID

Fig. 2-11 Summary View of Traffic Sheet for Sengitivity Analysis
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For example, in Fig. 2-6, Pg. 2-13, for 12A-1P, (average historical demand) = (SE % lane-
closed) * (SE historical demand) + (NW % lane-closed) * (NW historical demand) = (50%) *
(436) + (50%) * (416) = 426. We know US 00 Overlay has the same quantity of construction
work in both directions. We look at traffic demand shown in Fig. 2-6, and we see some significant
differencesin hourly historical demand, but peaks and valleys occur at the same time in both di-
rections. Therefore, we will use average historical demand to calculate period cost, and user cost
on which period cost is based.

If the two directions are so different that they need different period costsin Special Provi-
sions, we will separately calculate period cost for each direction. We would use the same method
for each direction that we use here for the average of the two directions. Sec. 2.4.2.3.7, pg. 2-50
shows an example of these calculations for US 00 Overlay.

2.4.1.3 Need for Period Length <1 hr

The workday or lane closure may start or end at other than a whole hour, so we need to
be able to calculate and specify period cost for periods that are less than an hour. The smallest
time period for which we normally specify period cost is 15 min. CO® accommodates minimum
periods of 15 min, 20 min, and 30 min, as well as one hour. The CO?® Traffic Sheet will not calcu-
late user cost for more than 24 periods, so we perform additional calculations for 24 hours of pe-
riods shorter than one hour.

2.4.1.4 Nighttime Work

Project analysis using the CO® system indicates that US 00 Overlay should be performed
at night. Examination of design demand indicates a contractor can work anytime between 8P and
8A without causing unacceptable congestion. A contractor will want to work as few hours and as
few nights as possible, so there is no particular reason to constrain or provide incentives to work
as few nights as possible. Similarly, a contractor should need no incentive or disincentive regard-
ing number of nighttime lane closures, because the contractor will want to avoid the labor cost of
closing alane unnecessarily. Therefore, there is no real need to specify contract period cost in the
Specia Provisionsfor US 00 Overlay, if it is done at night. So we will not perform further calcu-
lations or analysis for nighttime work on US 00 Overlay.

2.4.1.5 Daytime Work

We determined in Sec. 2.3.3.4, pg. 2-24 that the work should be done at night, if practical,
and for which there was no need to perform additional calculations related to implementation.
However, the purpose of the Example Problem is to demonstrate the use of the CO® system. So,
for the remainder of this example, we will assume nighttime construction is not practical, and this
example implementation will be for daytime construction. We will use CO® to demonstrate cal cu-
lation of each period’ s lane-closed cost = user cost caused by closure during the time period. This
provides data from which we will calculate contract period cost for Special Provisions, primarily
for daytime work on this project.

2.4.1.6 Period Cost

Project implementation includes selecting clauses and values to include in Special Provi-
sions. Period cost isthe term we use for such values specified in the Special Provisions for con-
tract costs per time period. Thisincludes contract period cost for periods in which construction
impacts traffic. Contract period cost can be shown in the contract in various forms, including as
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liquidated damages, incentives or disincentives, adjustment values for A + B contracts, or rent-a-
lane charges. The basis for selecting contract period cost for a project is user cost caused by con-
struction during the relevant periods. For US 00 Overlay, for example, we can have a period cost
for closing alane from 4P-5P. CO® provides tools to calcul ate user cost and period cost: Sec.
2.4.2.2 demonstrates calculation of user cost on US 00 Overlay, and Sec. 2.4.2.3, pg. 2-45 dem-
onstrates calculation of period cost.

2.4.2 SINGLE METHOD: CLOSURES ARE NOT ANNOUNCED

2.4.2.1 Introduction

The most common method of maintaining traffic is to close and open one or more lanes
for aternating periods of time. An example of thisis the Standard Method for US 00 Overlay,
which isto close alane 7A-5P to perform work and open it at 5P when work is completed for the
day. There are only two scenarios for the road: (1) one lane closed and one lane open in one di-
rection and two lanes open in the other direction or (2) two lanes open in both directions. In this
most common case, there are user costs for only one scenario, which isthe time alaneis closed.
There are no user costs when al lanes are open. Therefore, we calculate daily and project user
cost and period cost based only on the user cost and period cost for one scenario. These calcula
tions are described in detail in this section.

User cost calculations where closures are “Not Announced” are described in Sec. 2.4.2.2.
These include Traffic Sheet calculations (in Sec. 2.4.2.2.1), manua calculations based on Traffic
Sheet output (in Sec. 2.4.2.2.2, pg. 2-35), and caculations using the Daily Sheet (in Sec.
2.4.2.2.3, pg. 2-36). Caculations of period costs for “Not Announced” using the Daily Sheet are
described in Sec. 2.4.2.3, pg 2-45. and the applications of CO® to Special Provisions are described
in Sec. 2.4.2.4, pg. 2-54.

A parallel description for calculating user cost and period cost and for using Special Provi-
sions for multiple methods, which have user cost for more than one scenario for each time period,
is presented in Sec. 2.4.3, pg. 2-57.

2.4.2.2 User Cost
2.4.2.2.1 Traffic Sheet Calculations

2.4.2.2.1.1 Period Length =1 hr

We will caculate user cost for each hour, for alane being closed all 24 hours. This will
provide a basis for calculating user cost for each period. We first average each hour’ s historical
demand for both directions, shown in Fig. 2-6, Pg. 2-13, and we enter the resulting average his-
torical demand in both historical demand columns in the Summary View of the Traffic Sheet, as
shown in Fig. 2-12. We enter input, under Method 1 in Fig. 2-12 for “24 hr, Not Announced”, for
24 hour closure, for which each hour’s capacity = 1400, and we click the Calculate button on the
left column under Method 1, to compute user cost, as shown in summary output in the Summary
View. However, we are primarily interested in Fig. 2-13, the Combined View (or the Overall
View), because it shows output for each hour. In the user cost column of Fig. 2-13 we read the
user cost for each of the 24 hours. For example, user cost = $2,088 per day for closing alane 7A-
8A, and user cost = $4,509 per day for closing alane 8A-9A.
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Also, we note that end of period backup* O for al periods. Thisindicates there will be
backup in some period when lane closure has not been announced in advance. Therefore, the user
cost for al periodsis not independent of closure in other periods. For example, user cost = $4,509
per day for closing alane 8A-9A. In the backup eop column, we see that 7A-8A does not have
end-of-period backup, but 8A-9A does. Thisindicates that 7A-8A user cost is independent of lane
closure in adjacent periods, but 8A-9A user cost is not. In Sec. 1.7.2.2, pg. 1-66 we discuss inac-
curacies in calculating user cost of periods that have backup.

2.4.2.2.1.2 Period Length <1 hr

We can calculate user cost for period length =15, 20, or 30 min. with the computer by in-
putting appropriate values for period length, threshold capacities, capacity, and historical demand.
We adjust the values of any variable x by the ratio between period length = t and 60 min using the
following equation,

t
Xi = Xgo| — 32
t 60( 60) (32)
For example, (capacity for period length = 15 min) = (capacity for period length = 60
min) * (15/ 60). For closed lane capacity = 1400 VPH, (8:00A-8:15A capacity) = (1400) * (15/
60) = 1400/ 4 = 350 V/period. Fig. 2-14 shows a Summary View for 24 periods of 15 min., for
TA-1P.

Fig. 2-15 isthe Combined View for the left column under Method 2, in which alaneis
closed 7A-1P, which is “Not Announced”. In the user cost column, we can read the user cost for
each 15 min period. Our inspection of Fig. 2-15 shows that some periods have end-of-period
backup, others do not. Within any hour, 15 min periods that are not preceded by backup and
which have no end-of-period backup all have the same user cost. For example, 7A-7:15A user
cost = $526 = 7:15A-7:30A user cost = 7:30A-7:45A user cost = 7:45A-8A user cost. However,
periods within an hour that are preceded by or that have end-of-period backup have different user
costs. For example, 8A-8:15A user cost = $1,023 1 8:15A-8:30A user cost = 1,131 1 8:30A-
8:45A user cost = $1,192 1 8:45A-9A user cost = $1,228.

The Traffic Sheet can calculate only 24 periods, so it takes more than one Traffic Sheet to
calculate user cost for all periods when period length < 1 hr. For example, 24 periods of 15 min.
total only 6 hr. Therefore, four Traffic Sheets are required to calculate 24 hours of 15-min. peri-
ods. Thisis much more cumbersome than calculating user cost for 1-hr periods. For this reason,
we usually calculate user cost for periods under 1 hr using user cost of 1-hr periods, as shown
below in Sec. 2.4.2.2.3.

We use another Traffic Sheet to compute user costs for the six hours of 15 min periods,
from 1P-7P, that follow 7A-1P. Fig. 2-16 is the Combined Sheet for 1P-7P that follows Fig. 2-15.
The 1P-7P input isidentical to 7A-1P input, except for design demand and start-of-period
backup. We seein Fig. 2-15 that 12P-1P end-of-period backup = 54 V. Therefore, backup at
start for “Not Announced” = 54V, which we seein Fig. 2-16.
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SummaryView

Copy This Sheet | period length (min) 60 PROJECT INFORMATION REPORT INFORMATION
annual traffic growth (%)|  5.00% PROJECT |US 00 Overlay REPORT |DETAILED USER COST REPORT
Update | years of growth 2 TITLE__|Example Problem TITLE _[SUMMARY VIEW
VEHICLE INPUT cars trucks Paste Values | C.s. 90000 DIVISION
design demand (%)] 90.0% 10.0% JOB # 00000 REPORT BY R. I. Carr
user cost per hour ($/V hr)] $10.79 $10.79 START DATE 6/00/98 REPORT DATE 1/2/97
user cost per mile, ($/V mi)] $0.30 $1.00 NOTES:
luser cost per cancellation, ($/V)] $1.00 $2.00
METHOD INPUT METHOD 1 METHOD 2 METHOD 3 METHOD 4
. 24 hr, Not 24 Alt. Not
method title| 24 hr, Announced 7A-5P A; 5P-7P NA
Announced Announced
DISTANCE AND SPEED (mi) (mph)| distance speed distance speed distance speed distance speed
work zone method travel 2.0 see delay 2.0 see delay 2.0 see delay 2.0 see delay
normal travel 2.0 65 2.0 65 2.0 65 2.0 65
diversion method travel 12.0 50 12.0 50 12.0 50 12.0 50
normal travel 10.0 65 10.0 65 10.0 65 10.0 65
SPEED DELAY threshold | range threshold | range threshold | range threshold | range
capacity for speed delay (V/period) 1400 1400 1400 1400
speed (when D~0) (mph)) 45 45 45 45
speed (when D=C) (mph) 10 10 10 10
DECREASE TO DEMAND threshold | range threshold | range threshold | range threshold | range
capacity for decreases to design demand (V/period) 1400 1400 1400 1400 1399
canceled cars (with no delay) (%) 5.0% 5.0% 5.0%
canceled trucks (with no delay) (%)
canceled cars (with delay) (%/min)| 1.0% 3.0% 1.0% 3.0% 1.0%
canceled trucks (with delay) (%/min) 1.0% 1.0%
diverted cars (with no delay) (%) 5.0% 5.0% 5.0%
diverted trucks (with no delay) (%)|
diverted cars (with delay) (%/min) 1.0% 3.0% 1.0% 3.0% 1.0%
diverted trucks (with delay) (%/min)| 0.5% 1.0% 0.5% 1.0% 0.5%
OTHER USER COST INPUT Update | cars trucks cars trucks cars trucks cars trucks
other user cost per actual demand ($/V) $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00
user cost per diversion ($/V)| $1.53 $2.93 $1.53 $2.93 $1.53 $2.93 $1.53 $2.93
Paste Values Calculate | Calculate || Calculate | Calculate || Calculate | Calculate || Calculate | Calculate
Summary|Go To: Summary _ Overall Traffic :I User Costjcambined Print: This ViewlSummary| Overall | All Setup
PERIOD INPUT backup at start (V)| 0 | 0 0 | 0 0 | 0 0 | 0
direction _Avg | Avg Avg | Avg Avg | Avg Avg | Avg Even | Odd Avg | Avg
period historical demand design demand capacity capacity capacity capacity
(hr) | (V/period) | (V/period) | (V/period)| (V/period)|| (V/period)]| (V/period)|| (V/period)| (V/period)|| (V/period)| (V/period)|| (V/period)| (V/period)
12 A 426 426 470 470 1400 1400 3400 1400 3400 3400 3400
1A 266 266 293 293 1400 1400 3400 3400 1400 3400 3400
2A 174 174 191 191 1400 1400 3400 1400 3400 3400 3400
3A 97 97 107 107 1400 1400 3400 3400 1400 3400 3400
4 A 104 104 115 115 1400 1400 3400 1400 3400 3400 3400
5A 142 142 157 157 1400 1400 3400 3400 1400 3400 3400
6 A 494 494 545 545 1400 1400 3400 1400 3400 3400 3400
7A 1405 1405 1549 1549 1400 1400 1400 3400 1400 1400 1400
8 A 2063 2063 2274 2274 1400 1400 1400 1400 3400 1400 1400
9A 1530 1530 1686 1686 1400 1400 1400 3400 1400 1400 1400
10A 1480 1480 1631 1631 1400 1400 1400 1400 3400 1400 1400
11A 1652 1652 1821 1821 1400 1400 1400 3400 1400 1400 1400
12 P 1897 1897 2091 2091 1400 1400 1400 1400 3400 1400 1400
1P 1778 1778 1960 1960 1400 1400 1400 3400 1400 1400 1400
2P 1857 1857 2047 2047 1400 1400 1400 1400 3400 1400 1400
3P 1967 1967 2168 2168 1400 1400 1400 3400 1400 1400 1400
4P 2297 2297 2532 2532 1400 1400 1400 1400 3400 1400 1400
5P 2455 2455 2706 2706 1400 1400 3400 3400 1400 1399 3400
6 P 1911 1911 2107 2107 1400 1400 3400 1400 3400 1399 3400
7P 1379 1379 1520 1520 1400 1400 3400 3400 1400 3400 3400
8P 1176 1176 1296 1296 1400 1400 3400 1400 3400 3400 3400
9P 1127 1127 1242 1242 1400 1400 3400 3400 1400 3400 3400
10P 846 846 933 933 1400 1400 3400 1400 3400 3400 3400
11 P 589 589 649 649 1400 1400 3400 3400 1400 3400 3400
Total 29105.5 29105.5 32089 32089 33600 0 33600 61600 57600 57600 57598 61600
SUMMARY OUTPUT traffic method| |24 hr, Not Announced 24 hr, Announced 24 Alt. Not Announced | 7A-5P A; 5P-7P NA
direction Avg Avg Avg 7A-5P Even Odd 5P closed | 5P open
total user cost]| $54,983 $38,711 $25,936 $26,236 $24,754 $37,053 $25,936
user cost of delays|| $42,642 $22,905 $15,237 $20,556 $19,360 $23,882 $15,237
user cost of decreases $12,341 $15,806 $10,698 $5,681 $5,394 $13,170 $10,698
maximum backup (V) 260 0 0 264 334 268 0
maximum backup length (lane mi 1.5 0.0 0.0 1.5 1.9 1.5 0.0
maximum delay (min.)| 21.3 9.2 8.8 19.7 21.7 21.6 8.8
You can average delay (min)| 10.5 6.4 3.5 4.1 3.9 6.0 3.5
con total delay, except diversions (V hr) 3952 2123 1412 1905 1794 2213 1412
these total vehicles canceled(V) 4671 6044 4091 2154 2047 5022 4091
values total vehicles diverted (V)| [ 4850 6044 4091 2233 2121 5062 4091
into total decrease in demand (V) 9521 12087 8181 4387 4168 10084 8181
imnact % decrease in demand 29.7% 37.7% 25.5% 13.7% 13.0% 31.4% 25.5%
sheet delay per diverted vehicle (min) 52 52 52 52 52 52 52
total diversion delay (V hr) 418 521 352 192 183 436 352
average delay, including diversions (min) 9.6 6.1 3.8 4.2 3.9 5.9 3.8
total delay, including diversions (V hr) 4370 2643 1765 2097 1977 2649 1765
user cost / design demand $1.71 $1.21 $0.81 $0.82 $0.77 $1.15 $0.81
delay cost / actual demand $1.89 $1.15 $0.64 $0.74 $0.69 $1.09 $0.64
Auto ON [Print:|_ ON_ [Now] QK[ validity of output] [ VALID__|NOT VALID|[__VALID VALID VALID VALID VALID VALID

Fig. 2-12 Summary View for Average Historical Demand
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Combined View

period length (min) 60 PROJECT INFORMATION REPORT INFORMATION
annual traffic growth (%) 0 PROJECT |US 00 Overlay REPORT |DETAILED USER COST REPORT
years of growth 2 TITLE |Examp|e Problem TITLE |COMBINED VIEW
VEHICLE INPUT cars trucks C.s. 90000 DIVISION
design demand (%)| 90.0% 10.0% JOB # 00000 REPORT BY R. 1. Carr
user cost per hour ($/V hr)| $10.79 $10.79 START DATE 6/00/98 REPORT DATE 1/2/97
user cost per mile, ($/V mi)] $0.30 $1.00 NOTES:
user cost per cancellation, ($/V)| $1.00 $2.00
METHOD INPUT METHOD 1 SUMMARY OUTPUT
method title 24 hr, Not ) 24 hr, Not
Announced traffic method Announced
DISTANCE AND SPEED (mi) (mph)| distance speed direction Avg
work zone method travel 2 see delay total user cost $54,983
normal travel 2 65 user cost of delays $42,642
diversion method travel 12 50 user cost of decreases $12,341
normal travel 10 65 maximum backup (V) 260
SPEED DELAY threshold | range maximum backup length (lane mi) 1.5
capacity for speed delay (V/period) 1400 maximum delay (min.) 21.3
speed (when D~0) (mph) 45 average delay (min) 10.5
speed (when D=C) (mph) 10 total delay, except diversions (V hr) 3,952
DECREASE TO DEMAND threshold | range total vehicles canceled(V) 4,671
capacity for decreases to design demand (V/period) 1400 total vehicles diverted (V) 4,850
canceled cars (with no delay) (%) 5.0% total decrease in demand (V) 9,521
canceled trucks (with no delay) (%) % decrease in demand 29.7%
canceled cars (with delay) (%/min) 1.0% delay per diverted vehicle (min) 5.2
canceled trucks (with delay) (%/min)| total diversion delay (V hr) 418
diverted cars (with no delay) (%) 5.0% average delay, including diversions (min) 9.6
diverted trucks (with no delay) (%) total delay, including diversions (V hr) 4,370
diverted cars (with delay) (%/min)| 1.0% user cost / design demand $1.71
diverted trucks (with delay) (%/min), 0.5% delay cost / actual demand $1.89
OTHER USER COST INPUT cars trucks
other user cost per vehicle ($/V) $0.00 $0.00
user cost per diversion ($/V) $1.53 $2.93
Comb0|Go To: Summary :l Overall j Traffic j User CostjCombinedj Print: This Viewl Summary‘ Overall | All | Setup
Direction:  Avg backup at start (V) 0 backup |maximum|| average | average || decrease| delay user delay cost|
period | capacity actual total total eop delay backup speed cost cost cost / actual
demand | decrease| delay delay delay demand
(hr) | (V/period) | (V/period) | (V/period)]| (V/period) (V) (min) (min) (min) $) $) $) ($/V)
12A 1400 413 56 11 0 1.63 0.0 16 $72 $121 $193 $0.29
1A 1400 261 33 5 0 1.14 0.0 11 $42 $54 $95 $0.21
2A 1400 171 21 3 0 0.96 0.0 1.0 $26 $29 $56 $0.17
3A 1400 96 11 1 0 0.86 0.0 0.9 $14 $15 $29 $0.16
4A 1400 102 12 1 0 0.87 0.0 0.9 $15 $16 $32 $0.16
5A 1400 140 17 2 0 0.91 0.0 0.9 $21 $23 $44 $0.16
6 A 1400 476 68 15 0 1.90 0.0 19 $87 $163 $250 $0.34
7A 1400 1,192 357 151 0 7.59 0.0 7.6 $461 $1,627 $2,088 $1.36
8A 1400 1,528 747 328 128 15.62 2.7 10.2 $969 $3,540 $4,509 $2.32
9A 1400 1,196 490 216 0 15.62 1.7 9.2 $635 $2,332 $2,967 $1.95
10A 1400 1,239 392 168 0 8.13 0.0 8.1 $507 $1,811 $2,319 $1.46
11A 1400 1,341 480 210 0 9.39 0.0 9.4 $622 $2,264 $2,885 $1.69
12 P 1400 1,463 628 277 63 12.58 1.2 10.2 $814 $2,991 $3,804 $2.04
1P 1400 1,353 606 267 16 12.86 1.7 10.2 $786 $2,886 $3,672 $2.13
2P 1400 1,431 615 272 48 11.91 1.2 10.2 $798 $2,931 $3,729 $2.05
3P 1400 1,445 723 317 93 14.13 3.0 10.2 $939 $3,421 $4,360 $2.37
4P 1400 1,520 1,012 424 213 19.33 6.6 10.2 $1,315 $4,574 $5,889 $3.01
5P 1400 1,447 1,259 489 260 21.29 10.1 10.2 $1,638 $5,279 $6,917 $3.65
6 P 1400 1,230 877 362 90 21.29 7.5 10.2 $1,140 $3,901 $5,042 $3.17
7P 1400 1,138 382 165 0 13.99 0.7 8.1 $494 $1,785 $2,279 $1.57
8 P 1400 1,037 259 103 0 5.94 0.0 5.9 $334 $1,108 $1,442 $1.07
9P 1400 1,002 240 93 0 5.60 0.0 5.6 $310 $1,008 $1,318 $1.01
10P 1400 784 149 49 0 3.75 0.0 3.7 $191 $529 $719 $0.67
11 P 1400 563 86 22 0 2.32 0.0 2.3 $110 $235 $346 $0.42
TOT 33600 22,568 9,521 3,952 $12,341 $42,642 $54,983 $1.89
MAX 1400 1,528 1,259 489 260 21.29 10 10.15 $1,638 $5,279 $6,917 $3.65
MIN 1400 96 11 1 0 0.86 0 0.86 $14 $15 $29 $0.16

Fig. 2-13 Combined View for " 24 hr, Not Announced", Average Design Demand
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SummaryView

Copy This Sheet Iperiod length (min) 15 PROJECT INFORMATION REPORT INFORMATION
annual traffic growth (%)| 5.00% PROJECT |US 00 Overlay REPORT |DETAILED USER COST REPORT
€ years of growth 2 TITLE _|Example Problem TITLE | TRAFFIC SHEET
VEHICLE INPUT cars trucks |[Paste Values| C.S. 90000 DIVISION
design demand (%)| 90.0% 10.0% JOB # 00000 REPORT BY R. . Carr
user cost per hour ($/V hr)| $10.79 $10.79 START DATE 6/00/98 REPORT DATE 1/2/97
user cost per mile, ($/V.mi)| $0.30 $1.00 NOTES:
luser cost per cancellation, ($/V)| $1.00 $2.00
METHOD INPUT METHOD 1 METHOD 2 METHOD 3 METHOD 4
method title Announced Not Announced
DISTANCE AND SPEED (mi) (mph){| distance speed distance speed distance speed distance speed
work zone method travel 2.0 see delay 2.0 see delay 2.0 see delay 2.0 see delay
normal travel 2.0 65 2.0 65 2.0 65 2.0 65
diversion method travel 12.0 50 12.0 50 12.0 50 12.0 50
normal travel 10.0 65 10.0 65 10.0 65 10.0 65
SPEED DELAY threshold | range threshold | range threshold [ range threshold | range
capacity for speed delay (V/period) 350 350 350 350
speed (when D~0) (mph) 45 45 45 45
speed (when D=C) (mph) 10 10 10 10
DECREASE TO DEMAND threshold | range threshold | range threshold | range threshold | range
capacity for decreases to design demand (V/period) 350 350
canceled cars (with no delay) (%) 5.0%
canceled trucks (with no delay) (%)|
canceled cars (with delay) (%/min)| 3.0% 1.0%
canceled trucks (with delay) (%/min) 1.0%
diverted cars (with no delay) (%), 5.0%
diverted trucks (with no delay) (%)|
diverted cars (with delay) (%/min)| 3.0% 1.0%
diverted trucks (with delay) (%/min), 1.0% 0.5%
OTHER USER COST INPUT Updat cars trucks cars trucks cars trucks cars trucks
other user cost per actual demand ($/V)| $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00
user cost per diversion ($/V) $1.53 $2.93 $1.53 $2.93 $1.53 $2.93 $1.53 $2.93
Paste Values Calculate | Calculate || Calculate | Calculate || Calculate | Calculate || Calculate | Calculate
Summary|Go To: Summary - Overall Traffic :I User CostiICombined Print: This Viewl Summaw| Overall | All Setup
PERIOD INPUT backup at start (V) o | o 0 0 [ |
directio] 7A-1P [ 7:45A-1P Avg | Avg 7A-1P | 7:45A-1P 7A-1P | 7:45A-1P [ |
period design demand capacity capacity capacity capacity
(hr) (V/period)| (V/period)|| (V/period)| (V/period)| | (V/period)| (V/period)|] (V/period)| (V/period)|| (V/period)| (V/period)
7A 351 351 387 387 350 850 350 850
351 351 387 387 350 850 350 850
351 351 387 387 350 850 350 850
351 351 387 387 350 350 350 350
8A 516 516 569 569 350 350 350 350
516 516 569 569 350 350 350 350
516 516 569 569 350 350 350 350
516 516 569 569 350 350 350 350
9A 382 382 422 422 350 350 350 350
382 382 422 422 350 350 350 350
382 382 422 422 350 350 350 350
382 382 422 422 350 350 350 350
10A 370 370 408 408 350 350 350 350
370 370 408 408 350 350 350 350
370 370 408 408 350 350 350 350
370 370 408 408 350 350 350 350
11A 413 413 455 455 350 350 350 350
413 413 455 455 350 350 350 350
413 413 455 455 350 350 350 350
413 413 455 455 350 350 350 350
12P 474 474 523 523 350 350 350 350
474 474 523 523 350 350 350 350
474 474 523 523 350 350 350 350
474 474 523 523 350 350 350 350
Total 10024.5 10024.5 11052 11052 8400 9900 8400 9900
SUMMARY OUTPUT traffic method Announced Not Announced
direction 7A-1P 7:45A-1P 7A-1P 7:45A-1P
total user cost|| $14,034 $12,711 $18,618 $16,938
user cost of delays $8,376 $7,553 $14,591 $13,281
user cost of decreases $5,658 $5,158 $4,027 $3,657
maximum backup (V) 0 0 0 113
maximum backup length (lane mi) 0.0 0.0 0.0 0.6
You can maximum delay (min.) 8.2 8.2 8.2 15.0
copy average delay (min) 6.9 5.9 6.9 9.0
these total delay, except diversions (V hr) 776 700 776 1231
values total vehicles canceled(V)| 2163 1972 2163 1385
into total vehicles diverted (V) 2163 1972 2163 1437
impact total decrease in demand (V) 4327 3945 4327 2822
sheet % decrease in demand 39.1% 35.7% 28.1% 25.5%
delay per diverted vehicle (min)| 5.2 5.2 5.2 5.2
total diversion delay (V hr)| 186 170 186 124
average delay, including diversions (min) 6.5 5.7 5.7 8.4
total delay, including diversions (V hr)| 963 870 963 1355
user cost / design demand $1.27 $1.15 $1.68 $1.53
delay cost / actual demand $1.25 $1.06 $1.84 $1.61
Auto|oN [Print:__oN_[Now| oK [ validity of output| | _VALID VALID VALID VALID || NOT VALID| NOT VALID| | NOT VALID [ NOT VALID

Fig. 2-14 Summary View for 7A-1P, Period Length = 15 min.
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Combined View

period length (min) 15 PROJECT INFORMATION REPORT INFORMATION
annual traffic growth (%) 0 PROJECT | REPORT |
years of growth 2 TITLE__|US 00 Overlay TITLE _|TRAFFIC SHEET
VEHICLE INPUT cars trucks C.s. DIVISION
design demand (%)| 90.0% 10.0% JOB # 90000 REPORT BY
user cost per hour ($/V hr)| $10.79 $10.79 START DATE 00000 REPORT DATE R. . Carr
user cost per mile, ($/V mi)] $0.30 $1.00 NOTES:
user cost per cancellation, ($/V)| $1.00 $2.00
METHOD INPUT METHOD 1 SUMMARY OUTPUT
method title]]  Not Announced traffic method | Not Announced
DISTANCE AND SPEED (mi) (mph)| distance | speed direction 7A-1P
work zone method travel 2 see delay total user cost $18,618
normal travel 2 65 user cost of delays $14,591
diversion method travel 12 50 user cost of decreases $4,027
normal travel 10 65 maximum backup (V) 113
SPEED DELAY threshold | range maximum backup length (lane mi) 0.6
capacity for speed delay (V/period) 350 maximum delay (min.) 15.0
speed (when D~0) (mph) 45 average delay (min) 10.2
speed (when D=C) (mph) 10 total delay, except diversions (V hr) 1,352
DECREASE TO DEMAND threshold | range total vehicles canceled(V) 1,526
capacity for decreases to design demand (V/period) 350 total vehicles diverted (V) 1,583
canceled cars (with no delay) (%) 0.05 total decrease in demand (V) 3,109
canceled trucks (with no delay) (%) % decrease in demand 28.1%
canceled cars (with delay) (%/min) 0.01 delay per diverted vehicle (min) 5.2
canceled trucks (with delay) (%/min)| total diversion delay (V hr) 136
diverted cars (with no delay) (%) 0.05 average delay, including diversions (min) 9.4
diverted trucks (with no delay) (%) total delay, including diversions (V hr) 1,489
diverted cars (with delay) (%/min)| 0.01 user cost / design demand $1.68
diverted trucks (with delay) (%/min), 0.005 delay cost / actual demand $1.84
OTHER USER COST INPUT cars trucks
other user cost per vehicle ($/V) $0.00 $0.00
user cost per diversion ($/V) $1.53 $2.93
Comb0|Go To: Summary :l Overall Trafficj User Coslj Combinep:l Print: This Viewl Summary‘ Overall | All | Setup
Direction: 7A-1P backup at start (V) backup |maximum|| average | average || decrease| delay user delay cost|
period | capacity actual total total eop delay backup speed cost cost cost / actual
demand | decrease| delay delay delay demand
(hr) | (V/period) | (V/period) | (V/period)]| (V/period) (V) (min) (min) (min) $) $) $) ($/V)
7A 350 297 90 38 0 7.67 0.0 7.7 $116 $410 $526 $1.38
350 297 90 38 0 7.67 0.0 7.7 $116 $410 $526 $1.38
350 297 90 38 0 7.67 0.0 7.7 $116 $410 $526 $1.38
350 297 90 38 0 7.67 0.0 7.7 $116 $410 $526 $1.38
8A 350 400 169 75 50 12.23 1.0 10.2 $219 $805 $1,023 $2.01
350 381 187 82 81 13.62 2.8 10.2 $243 $888 $1,131 $2.33
350 370 199 87 101 14.47 3.9 10.2 $258 $934 $1,192 $2.53
350 362 206 89 113 15.00 4.6 10.2 $268 $960 $1,228 $2.65
9A 350 279 143 63 42 15.00 3.3 10.2 $186 $675 $860 $2.42
350 302 120 53 0 11.94 0.7 9.7 $155 $568 $723 $1.88
350 317 105 45 0 8.57 0.0 8.6 $136 $488 $624 $1.54
350 317 105 45 0 8.57 0.0 8.6 $136 $488 $624 $1.54
10A 350 309 99 42 0 8.21 0.0 8.2 $128 $457 $584 $1.48
350 309 99 42 0 8.21 0.0 8.2 $128 $457 $584 $1.48
350 309 99 42 0 8.21 0.0 8.2 $128 $457 $584 $1.48
350 309 99 42 0 8.21 0.0 8.2 $128 $457 $584 $1.48
11A 350 334 121 53 0 9.53 0.0 9.5 $157 $572 $729 $1.71
350 334 121 53 0 9.53 0.0 9.5 $157 $572 $729 $1.71
350 334 121 53 0 9.53 0.0 9.5 $157 $572 $729 $1.71
350 334 121 53 0 9.53 0.0 9.5 $157 $572 $729 $1.71
12 P 350 373 150 66 23 11.09 0.5 10.2 $194 $712 $906 $1.91
350 365 158 70 38 11.73 13 10.2 $204 $751 $955 $2.06
350 360 163 72 48 12.14 1.8 10.2 $211 $774 $985 $2.15
350 356 166 73 54 12.44 2.2 10.2 $216 $791 $1,007 $2.22
TOT 8400 7,943 3,109 1,352 $4,027 $14,591 $18,618 $1.84
MAX 350 400 206 89 113 15.00 5 10.15 $268 $960 $1,228 $2.65
MIN 350 279 90 38 0 7.67 0 7.67 $116 $410 $526 $1.38
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Combined View

period length (min) 15 PROJECT INFORMATION REPORT INFORMATION
annual traffic growth (%) 0 PROJECT | REPORT |
years of growth 2 TITLE__|US 00 Overlay TITLE _|TRAFFIC SHEET
VEHICLE INPUT cars trucks C.s. DIVISION
design demand (%)| 90.0% 10.0% JOB # 90000 REPORT BY
user cost per hour ($/V hr)| $10.79 $10.79 START DATE 00000 REPORT DATE R. . Carr
user cost per mile, ($/V mi)] $0.30 $1.00 NOTES:
user cost per cancellation, ($/V)| $1.00 $2.00
METHOD INPUT METHOD 1 SUMMARY OUTPUT
method title]]  Not Announced traffic method | Not Announced
DISTANCE AND SPEED (mi) (mph)| distance | speed direction 1P-7P
work zone method travel 2 see delay total user cost $29,461
normal travel 2 65 user cost of delays $22,880
diversion method travel 12 50 user cost of decreases $6,581
normal travel 10 65 maximum backup (V) 232
SPEED DELAY threshold | range maximum backup length (lane mi) 1.3
capacity for speed delay (V/period) 350 maximum delay (min.) 18.0
speed (when D~0) (mph) 45 average delay (min) 5.7
speed (when D=C) (mph) 10 total delay, except diversions (V hr) 1,060
DECREASE TO DEMAND threshold | range total vehicles canceled(V) 1,158
capacity for decreases to design demand (V/period) 350 total vehicles diverted (V) 1,203
canceled cars (with no delay) (%) 0.05 total decrease in demand (V) 2,361
canceled trucks (with no delay) (%) % decrease in demand 37.5%
canceled cars (with delay) (%/min) 0.01 delay per diverted vehicle (min) 5.2
canceled trucks (with delay) (%/min)| total diversion delay (V hr) 104
diverted cars (with no delay) (%) 0.05 average delay, including diversions (min) 7.2
diverted trucks (with no delay) (%) total delay, including diversions (V hr) 1,164
diverted cars (with delay) (%/min)| 0.01 user cost / design demand $2.18
diverted trucks (with delay) (%/min), 0.005 delay cost / actual demand $2.71
OTHER USER COST INPUT cars trucks
other user cost per vehicle ($/V) $0.00 $0.00
user cost per diversion ($/V) $1.53 $2.93
Comb0|Go To: Summary Overall j Tvaff\C:I User Cost :I Combmedj Print: This Viewl Summary‘ Overall | All | Setup
Direction: 1P-7P backup at start (V) 54 backup |maximum|| average | average || decrease| delay user delay cost|
period | capacity actual total total eop delay backup speed cost cost cost / actual
demand | decrease| delay delay delay demand
(hr) | (V/period) | (V/period) | (V/period)]| (V/period) (V) (min) (min) (min) $) $) $) ($/V)
1P 350 336 154 68 40 12.47 2.0 10.2 $200 $732 $931 $2.18
350 340 149 66 30 11.85 15 10.2 $194 $711 $904 $2.09
350 343 146 65 23 11.44 1.1 10.2 $189 $696 $886 $2.03
350 346 144 63 19 11.15 0.9 10.2 $186 $685 $871 $1.98
2P 350 360 152 67 29 11.35 1.0 10.2 $197 $722 $919 $2.01
350 357 155 68 36 11.63 1.4 10.2 $201 $738 $939 $2.07
350 354 157 69 40 11.81 1.6 10.2 $204 $749 $953 $2.11
350 353 159 70 43 11.93 1.7 10.2 $206 $755 $961 $2.14
3P 350 369 173 76 62 12.81 23 10.2 $225 $823 $1,047 $2.23
350 362 180 79 74 13.33 2.9 10.2 $233 $851 $1,085 $2.35
350 358 184 81 82 13.67 3.3 10.2 $239 $869 $1,108 $2.43
350 355 187 82 87 13.89 3.6 10.2 $243 $880 $1,122 $2.48
4P 350 401 232 100 138 16.06 4.8 10.2 $302 $1,079 $1,381 $2.69
350 380 253 106 168 17.36 6.6 10.2 $328 $1,143 $1,471 $3.00
350 368 265 109 186 18.14 7.6 10.2 $344 $1,175 $1,519 $3.19
350 361 272 110 197 18.60 8.2 10.2 $354 $1,192 $1,546 $3.30
5P 350 376 301 120 223 19.71 9.0 10.2 $391 $1,295 $1,686 $3.45
350 365 312 122 238 20.35 9.9 10.2 $405 $1,315 $1,720 $3.60
350 359 318 123 247 20.72 10.4 10.2 $414 $1,324 $1,738 $3.69
350 355 322 123 252 20.93 10.7 10.2 $418 $1,330 $1,748 $3.75
6 P 350 288 238 94 190 20.93 9.5 10.2 $310 $1,016 $1,327 $3.53
350 310 217 90 149 18.29 7.3 10.2 $282 $970 $1,252 $3.13
350 324 203 86 123 16.55 5.8 10.2 $264 $930 $1,194 $2.87
350 333 194 83 106 15.42 4.9 10.2 $252 $900 $1,152 $2.71
TOT 8400 8,452 5,066 2,121 $6,581 $22,880 $29,461 $2.71
MAX 350 401 322 123 252 20.93 11 10.15 $418 $1,330 $1,748 $3.75
MIN 350 288 144 63 19 11.15 1 10.15 $186 $685 $871 $1.98

Fig. 2-16 Combined View for “Not Announced, 1P-7P” for Period Length = 15 min

2.4.2.2.2 Manual Calculations Using Traffic Sheet

2.4.2.2.2.1 General

We can use Eq. (24) from Sec. 1.7.2.3, pg. 1-69, which we repeat below, for manual cal-
culation of user cost or period cost for period j through period k:

(cost) ok = @ (cost) (24)
i=j tok
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2.4.2.2.2.2 Period=1hr

We apply Eq. (24) to “Not Announced” to sum user cost from the Overall View, User
Cost View, or Combined View. For example, using user cost in the Combined View of Fig. 2-13,
7A-5P user cost = 2,088 + 4,509 + 2,967 + 2,319 + 2,885 + 3,804 + 3,672 + 3,729 + 4,360 +
5,889 = $36,222

2.4.2.2.2.3 Period<1hr

We can apply Eq. (24) to user cost of periods lessthan 1 hr or to a mixture of periods of
different lengths. For example, to calculate 7:45A-4:30P user cost, we apply Eq. (24) to output
from three Traffic Sheets. From Fig. 2-15 we read 7:45A-8A user cost = $526. From Fig. 2-13
we read and calculate 8A-4P user cost = 4,509 + 2,967 + 2,319 + 2,885 + 3,804 + 3,672 + 3,729
+ 4,360 = $28,245. From Fig. 2-16 we read and calcul ate 4P-4:30P user cost = 1,281 + 1,471 =
$2,852. From these we calculate 7:45A-4:30P user cost = 526 + 28,245 + 2,852 = $31,623.

2.4.2.2.3 User Cost Calculations Using Daily Sheet

The Daily Cost Sheet (shortened to “daily” in the tabs at the bottom of the spreadshest),
also called the Daily Sheet, accommodates one user cost input per period. The Daily Sheet con-
sists of five views:

User Cost View, in which we input and report user cost for each hour and a portion of an
hour. An exampleis Fig. 2-17.

Period Cost View, which shows period costs as a rounded-off fraction of user cost. An exam-
pleisFig. 2-18.

Detailed Cost View, from which we can more easily manually calculate user cost for time pe-
riods, including round-off and fractions of periods. An exampleis Fig. 2-19.

Daily Cost View, which is an even more detailed view of period user cost, which includes a
table of al possible traffic maintenance hours. An exampleis Fig. 2-21.

Project Cost View, which calculates cost each day and total period costs for any arrangement
of lane-closed hours, including actual lane-closed hours for the duration of the project. An ex-
ampleisFig. 2-23.

2.4.2.2.3.1 User Cost View

The User Cost View (not to be confused with the User Cost View of the Traffic Sheet) is
the first portion of the Daily Sheet (shortened to “daily” in the tabs) in the CO® Computer Model.
We Copy and Paste Value the hourly user cost values from the Traffic Sheet Overall View, User
Cost View, or Combined View, such as Fig. 2-13, into the User Cost View of the Daily Cost
Sheet. We pasted the values from the Combined View in Fig. 2-13 to produce the Daily Sheet
User Cost View of Fig. 2-17. We aso enter method and traffic descriptions in the Daily Sheet.
These descriptions usually differ from descriptions in the Traffic Sheet, because Traffic Sheet de-
scriptions usually specify a set of hours of lane closure. The User Cost View calculates user cost
for portions of one hour, according to the input of period length (which is 15 minin Fig. 2-17).
The top few rowsin Fig. 2-17, above the User Cost View, show the list of viewsin the Daily Cost
Sheet and navigation buttons on which we can click to take us to an individual view.
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Daily Cost Sheet Tables

User Cost View Go To
Period Cost View Period Cost
Detailed Cost View Detailed Cost
Daily Cost View Daily Cost
Project Cost View Project Cost

User Cost View Paste Values

Project:]JUS 00 Overlay (Example)
By:[R. I. Carr, 7/1/97
Other:
Method:[No Publicity
Traffic:|Lane Closed
Print | User Cost per Period
Period (min): 60 15
12A-1A $193 $48
1A-2A $95 $24
2A-3A $56 $14
3A-4A $29 $7
4A-5A $32 $8
5A-6A $44 $11
6A-7A $250 $62
7A-8A $2,088 $522
8A-9A $4,509 $1,127
9A-10A $2,967 $742
10A-11A $2,319 $580
11A-12P $2,885 $721
12P-1P $3,804 $951
1P-2P $3,672 $918
2P-3P $3,729 $932
3P-4P $4,360 $1,090
4P-5P $5,889 $1,472
5P-6P $6,917 $1,729
6P-7P $5,042 $1,260
7P-8P $2,279 $570
8P-9P $1,442 $360
9P-10P $1,318 $329
10P-11P $719 $180
11P-12A $346 $86
24 hr $54,983

Fig. 2-17 User Cost View for “Lane Closed, Not Announced”.

2.4.2.2.3.2 Period Cost View

The Period Cost View of the Daily Sheet calculates hourly period cost as a rounded-off
fraction of user cost, and it provides results in a simple format that is practical for printing in re-
ports. The Period Cost View has four inputs, al of which are included in “ Adjustments to User
Cost”. The Period Cost View has two print buttons: one button prints it Period Cost Input and
the other button prints it without Period Cost Input. In this section, we want to use the Daily
Sheet to calculate user cost, based on the values in the User Cost View. Therefore, we want no
adjustments to user cost. Fig. 2-18 shows these null values for adjustments to user cost and the
values that result in the Period Cost View, which are the same asin the User Cost View of Fig. 2-
17.

From the Period Cost View we can calculate user cost for any lane closure times, in 15
min steps. For example, 7A-5P user cost = 2,088 + 4,509 + 2,967 + 2,319 + 2,885 + 3,804 +
3,672 + 3,729 + 4,360 + 5,889 = $36,222. 6:45A-5:30 user cost = (6:45A-7A user cost = 62) +
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(7A-5P user cost = 36,222) + (5P-5:30P user cost = 2 * 1,729 = 3,458) = $39,742. 7:45A-4:30P
user cost = (7A-5P user cost = 36,222) — (7A-7:45A user cost = 3 * 522 = 1,566) — (4:30P-5P
user cost = 2 * 1,472 = 2,944) = $31,712. We can compare this to 7:45A-4:30P user cost =
$31,623 calculated directly from Traffic Sheetsin Sec. 2.4.2.2.1.2, Pg. 2-30.

Period Cost Input Print with Input
Fraction = P/U = 100%
Cost Threshold =
Round-Off =
Period Cost View
Project:] US 00 Overlay (Example)
By: R. . Carr, 7/1/97
Other:[ From avg traffic sheet: M1
Method: No Publicity
Traffic: Lane Closed
Print Cost per Period
Period (min): 60 15
12A-1A $193 $48
1A-2A $95 $24
2A-3A $56 $14
3A-4A $29 $7
4A-5A $32 $8
5A-6A $44 $11
6A-7A $250 $62
7TA-8A $2,088 $522
8A-9A $4,509 $1,127
9A-10A $2,967 $742
10A-11A $2,319 $580
11A-12 P $2,885 $721
12P-1P $3,804 $951
1P-2P $3,672 $918
2P-3P $3,729 $932
3P-4P $4,360 $1,090
4P-5P $5,889 $1,472
5P-6P $6,917 $1,729
6P-7P $5,042 $1,260
7P-8P $2,279 $570
8P-9P $1,442 $360
9P-10P $1,318 $329
10P-11P $719 $180
11P-12A $346 $86
24 hr $54,983

Fig. 2-18 Period Cost View of User Costsfor “Lane Closed, Not Announced”.

2.4.2.2.3.3 Detailed Cost View

The Detailed Cost View isbasicaly areorganization of Period Cost View data for more
detailed reporting and easier manual calculation of period cost for multiple periods. The Detailed
Cost View supports quick calculation of user cost and period cost for any combination of daily
work start and finish at increments of 15 min., 20 min., 30 min., or 60 min. Fig. 2-19 shows the
Detailed Cost View that is based on the cost per period values shown in the Period Cost View of
Fig. 2-18.

The Detailed Cost View has two print buttons: one button prints it with examples of cu-
mulative period cost and the other button prints it without the examples. Fig. 2-19 shows it
printed with its examples. Two sets of examples are shown in the lower part of Fig. 2-19. The
first set contains examples for whole hour periods, and the second contains examples for segments
of hours. Fig. 2-19 shows values for 15-min segments (15, 30, and 45 min), because we entered
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period = 15 at the top of the first “Period” column to the right of “60” in the User Cost View,
Fig. 2-17. The examples shown at the bottom of Fig. 2-19 are for 15-min segments.

If 20-min. or 30-min. segmentation had been input to the User Cost View, the Detailed
Cost View and its examples would be for 20- or 30-min. segments. For example, Fig. 2-20 isthe
same as Fig. 2-19, except that it is calculated for 20-min. segmentation input in its User Cost
View. The column headings and the examples at the bottom are automatically adjusted to the 20-
min input segmentation. The Detailed Cost View aso automatically adjusts to 30-min. segmenta-
tion (not shown).

The Detailed Cost View has columns for Period Cost for each hour and for the sum of Pe-
riod Cost, starting at midnight. For example, 1P-2P Period Cost = $3,672, and the sum of Indi-
vidual Period Costs from 12A to 2P = $22,944. In addition, the Detailed Cost View has columns
for segments of the hour. In Fig. 2-19, the input segmentation is 15 min.; therefore, values are
shown for 15 min., 30 min., and 45 min. Each 15-min. Period Cost is one-fourth of its hour’s 60-
min Period Cost. For example, all 15-min. segments from 1P-2P have 15 min Period Cost = (1P-
2P user cost) / (15/ 60) = 3,672/ 4 = $918. Similarly, the Period Cost for any 45-min. segment
from 1P-2P = 3* 15-min. Period Cost = 3 * 918 = $2,754. The general expression follows Eq.
(32) in Sec. 2.4.2.2.3.3, pg. 2-38 and is described in Eq. (33), wheret = segment length (min)
during a 60-min period.

(period cost), =(period cost)eo(é) (33)

Calculations using the Detailed Cost View follow Eq. (24) in the same manner as shown in
Sec.2.4.2.2.2, pg. 2-35. For example, 1P-3P user cost = 1P-2P user cost + 2P-3P user cost =
$3,672 + 3,729 = $7,401. Similarly, 7A-5P user cost = [(12A-5P user cost) — (12A-7A user
cost)] = 36,921 — 699 = $36,222. 6:45A-5:30P user cost can be calculated several ways.

1. 6:45A-5:30P user cost = (7A-5P user cost) + (6:45A-7:00A user cost) + (5:00P-5:30P
user cost) = 36,222 + 62 + 3,459 = $39,743. Thisis an examplein Fig. 2-19.

2. 6:45A-5:30P user cost = [6A-6P user cost = (12A-6P user cost) — (12A-6A user cost)] —
(6:00A-6:45A user cost) — (5:30P-6:00P user cost) = 43,839 — 449 — 187 — 3,459 =
$39,744

We calculate 7:45A-4:30 user cost = (7A-5P user cost) — (7A-7:45A user cost) — (4:30P-
5P user cost) = 36,222 — 1,566 — 2,945 = $31,711. We can compare thisto 7:45A-4:30 user cost
= $31,623 calculated directly from Traffic Sheetsin Sec. 2.4.2.2.2.3, Pg. 2-36.
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User Cost Period Cost | Daily Cost Project Cost
Detailed Cost View Print Print w/ Examples
Project:] US 00 Overlay (Example) | Method: No Publicity
By: R. . Carr, 7/1/97 Traffic: Lane Closed
Other:| From awy traffic sheet: M1 P/U: 100%
Cost per Period
Period (min): 60 15 30 45
Time of Day Period Sum
12A-1A $193 $193 $48 $97 $145
1A-2A $95 $288 $24 $48 $71
2A-3A $56 $344 $14 $28 $42
3A-4A $29 $373 $7 $15 $22
4A-5A $32 $405 $8 $16 $24
5A-6A $44 $449 $11 $22 $33
6A-7A $250 $699 $62 $125 $187
7TA-8A $2,088 $2,787 $522 $1,044 | $1,566
8A-9A $4,509 $7,296 $1,127 | $2,255 [ $3,382
9A-10A $2,967 $10,263 $742 $1,484 | $2,226
10A-11A $2,319 $12,582 $580 $1,159 $1,739
11A-12P $2,885 $15,467 $721 $1,443 $2,164
12P-1P $3,804 $19,272 $951 $1,902 | $2,853
1P-2P $3,672 $22,944 $918 $1,836 | $2,754
2P-3P $3,729 $26,672 $932 $1,864 | $2,796
3P-4P $4,360 $31,032 $1,090 | $2,180 | $3,270
4P-5P $5,889 $36,921 $1,472 $2,945 $4,417
5P-6P $6,917 $43,839 $1,729 | $3,459 [ $5,188
6P-7P $5,042 $48,880 $1,260 | $2,521 [ $3,781
7P-8P $2,279 $51,159 $570 $1,139 $1,709
8P-9P $1,442 $52,600 $360 $721 $1,081
9P-10P $1,318 $53,918 $329 $659 $988
10P-11P $719 $54,638 $180 $360 $540
11P-12A $346 $54,983 $86 $173 $259
24 hr $54,983
Examples
1:00P to 2:00P = 3,672 1:15P to 2:00P = 2,754
1:00P to 3:00P: 7:00A to 5:00P:
1:00P to 2:00P = 3,672 12:00Ato 5:00P = 36,921
2:00P to 3:00P = 3,729 -12:00A to 7:00A = -699
7,401 36,222
1:15P to 2:15P: 6:45A to 5:30P:
1:15P to 2:00P = 2,754 7:00A to 5:00P = 36,222
2:00P to 2:15P = 932 6:45A to 7:00A = 62
3,686  5:00P to 5:30P = 3,459
39,744

Fig. 2-19 Detailed Cost View of User Costsfor “Lane Closed, Not Announced”
with 15-min. Segments
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User Cost Period Cost | Daily Cost Project Cost
Detailed Cost View Print Print w/ Examples
Project:] US 00 Overlay (Example) | Method: No Publicity
By: R. . Carr, 7/1/97 Traffic: Lane Closed
Other:| From awy traffic sheet: M1 P/U: 100%
Cost per Period
Period (min): 60 20 40
Time of Day Period Sum
12A-1A $193 $193 $64 $129
1A-2A $95 $288 $32 $63
2A-3A $56 $344 $19 $37
3A-4A $29 $373 $10 $20
4A-5A $32 $405 $11 $21
5A-6A $44 $449 $15 $30
6A-7A $250 $699 $83 $167
7TA-8A $2,088 $2,787 $696 $1,392
8A-9A $4,509 $7,296 $1,503 | $3,006
9A-10A $2,967 $10,263 $989 $1,978
10A-11A $2,319 $12,582 $773 $1,546
11A-12P $2,885 $15,467 $962 $1,923
12P-1P $3,804 $19,272 $1,268 | $2,536
1P-2P $3,672 $22,944 $1,224 | $2,448
2P-3P $3,729 $26,672 $1,243 | $2,486
3P-4P $4,360 $31,032 $1,453 | $2,907
4P-5P $5,889 $36,921 $1,963 | $3,926
5P-6P $6,917 $43,839 $2,306 | $4,612
6P-7P $5,042 $48,880 $1,681 | $3,361
7P-8P $2,279 $51,159 $760 $1,519
8P-9P $1,442 $52,600 $481 $961
9P-10P $1,318 $53,918 $439 $879
10P-11P $719 $54,638 $240 $480
11P-12A $346 $54,983 $115 $230
24 hr $54,983
Examples
1:00P to 2:00P = 3,672 1:20P to 2:00P = 2,448
1:00P to 3:00P: 7:00A to 5:00P:
1:00P to 2:00P = 3,672 12:00Ato 5:00P = 36,921
2:00P to 3:00P = 3,729 -12:00A to 7:00A = -699
7,401 36,222
1:20P to 2:20P: 6:40A to 5:40P:
1:20P to 2:00P = 2,448  T7:00A to 5:00P = 36,222
2:00P to 2:20P = 1,243 6:40A to 7:00A = 83
3,691  5:00P to 5:40P = 4,612
40,917

Fig. 2-20 Detailed Cost View of User Costsfor “Lane Closed, Not Announced”
with 20-min. Segments
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2.4.2.2.3.4 Daily Cost View

The Daily Cost View, shown in Fig. 2-21, provides another arrangement for calculating
user cost and period cost, including the capability of printing examples that was shown in Fig. 2-
19 and Fig. 2-20. This view is the fourth in the Daily Sheet. Its calculations and examples follow
the same equations as the Detailed Cost View, except it shows the results of Eq. (24) for all com-
binations of hourly start and finish times.

The Daily Cost View contains two tables. The Short Term Daily Cost Table, at the top of
Fig. 2-21, shows period cost for each hour and for each segment of an hour. In this example,
segments are 15 min, which was input into the User Cost View of this same sheet as shown in
Sec. 2.4.2.2.3.1, pg. 2-36. If 20-min. or 30-min. segmentation had been input into the User Cost
View of the Daily Sheet, then 20- and 40-min. or 30-min. segments would show in the Daily Cost
View and its examples. We use the Short Term Table primarily to calculate cost for periods up to
about two hours. For example, 1:15P-2:15P user cost = (1:15P-2:00P user cost = 45 min user
cost under “1-2") + (2:00P-2:15P user cost = 15 min user cost under “2-3") = 2,754 + 932 =
$3,686, as shown in the example at the bottom of Fig. 2-21.

The second table of the Daily Cost View isthe Long Term Daily Cost Table, which pro-
vides easy calculation of user cost for any of the 9,216 possible start and finish timesfor aday’s
lane closure. The core of the Long Term Daily Cost Table and the Daily Cost View isthe table
with hour periods down its left and right sides that represent start times and hour periods above
and below that represent finish times. For any possible start and finish on the hour, we can read
across the appropriate “start” row to the appropriate “finish” column, and read the user cost at
the intersection.

For example, to find 7A-5P user cost, we read horizontally across the 7A row to itsinter-
section with the 5P column, which shows 7A-5P user cost = $36,222. This demonstrates that the
Daily Cost View has an advantage over the Detailed Cost View of showing user cost for any
workday that starts (vertical axis of periods) and ends (horizontal axis of periods) on the hour.

In addition, the Long Term Daily Cost Table has values with which we can adjust to start
and finish other than on whole hours. The left-most three columns, designated Cost with Earlier
Start, show the difference in user cost when lane closure occurs earlier than the whole hour. For
example, user cost will be greater for 6:45A-5P lane closure than for 7A-5P lane closure, because
lane closure starts 15 min earlier. The Cost with Earlier Start of 15 min than 7A isfound at the
intersection of the “7A” row with the “+ :15” column, at which we read 62. Therefore, starting
lane closure 15 min before 7A will cost $62 compared to starting at 7A.

Similarly, across the bottom of the Long Term Daily Cost Table are rows of values to ad-
just for Cost with Later Finish than the whole hour. For example, user cost will be more for
7:45A-5:30P lane closure than for 7:45A-5P lane closure. The Cost with Later Finish of 30 min
than 5P is found at the intersection of the “5P" column with the “+ :30” row, at which we read
3,459. This shows that finishing lane closure 30 min after 5P will add $3,459 compared to finish-
ing at 5P.

Putting all this together, we calculate 6:45A-5:30P user cost = 36,222 + 62 — 3,459 =
$27,993. This demonstrates that with the Daily Cost View, (1) we can directly read the user cost
for any start and finish on the whole hour, and (2) we can calculate user cost for starts and fin-
ishes on either 15, 20, or 30 min segments by no more than two adjustments.
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Daily Cost View Project: US 00 Overlay (Example) Method: No Publicity
By: R. |. Carr, 7/1/97 Traffic: Lane Closed
Short Term Daily Cost Table ($) Other: P/U: 1
Period[12-1A] 12 [ 23 [ 34 [ 45 [ 56 | 67 | 78 | 89 [ 910 J10-11J11-12J12-aP] 12 [ 23 [ 34 [ 45 [ 56 | 67 [ 78 | 89 [ 910 J10-11] 1112
ol 15 48 24 14 7 8 1 62 522 1127 742 580 721 951 918 932 1,090 1,472 1729 1260 570 360 329 180 86 15
3 30 97 48 28 15 16 22 125 1,044 2,255 1,484 1,159 1,443 1902 1,836 1,864 2,180 2945 3,459 2,521 1,139 721 659 360 173 | 30
E|l 45 | 145 71 42 22 24 33 187 1566 3,382 2,226 1,739 2,164 2,853 2,754 2,796 3,270 4,417 5,188 3,781 1,709 1,081 988 540 259 | 45
60 | 193 95 56 29 32 44 250 2,088 4,509 2,967 2319 2,885 3,804 3,672 3,729 4,360 5889 6,917 5042 2279 1442 1318 719 346 | 60
User Cost | Period Cost | Detailed Cost | Project Cost | Print View | Print View with Example |
Long Term Daily Cost Table (Up to 24 hr) ($)

Cost w/ Earlier Start To|Hour-to-Hour Cost To
+:15 [ +:30 | +:45 |[From 1A | 2A [ 3A [ 4A [ 5A [ 6A 7A | 8A ] oA J1oaJ muaAJ 1on [ 1P [ 2p T 3P [ 4P [ 5P [ 6P | 7P | 8P [ 9P [ 10Pp | 11P | 12M | “From
86 173 259 | 12M [ 193 288 344 373 405 449 699 2,787 7,296 10,263 12,582 15,467 19,272 22,944 26,672 31,032 36,921 43,839 48,880 51,159 52,600 53,918 54,638 54,983 12M
48 97 145 | 1A [54,983] 95 151 180 212 256 506 2594 7,103 10,070 12,389 15274 19,078 22,750 26,479 30,839 36,728 43,645 48,687 50,965 52,407 53,725 54,444 54,790| 1A
24 48 71 2A |54,888 54,983] 56 85 116 161 411 2,498 7,007 9,975 12,293 15,179 18,983 22,655 26,384 30,744 36,633 43,550 48,592 50,870 52,312 53,630 54,349 54,695 2A
14 28 42 3A |54,832 54,928 54,983 61 105 355 2443 6,952 9,919 12,238 15,123 18,927 22,600 26,328 30,688 36,577 43,494 48,536 50,815 52,256 53,574 54,294 54,639 3A
7 15 22 4A |54,803 54,898 54,954 54,983 76 326 2414 6,923 9,890 12,209 15,094 18,898 22,570 26,299 30,659 36,548 43,465 48,507 50,785 52,227 53,545 54,264 54,610 4A
8 16 24 SA |54,772 54,867 54,922 54,952 54,983 204 2,382 6,891 9,858 12,177 15,062 18,867 22,539 26,268 30,627 36,516 43,434 48,475 50,754 52,195 53,513 54,233 54,578 5A
1 22 33 6A |54,727 54,823 54,878 54,907 54,939 54,983| 250 2,338 6,847 9,814 12,133 15,018 18,822 22,495 26,223 30,583 36,472 43,389 48,431 50,710 52,151 53,469 54,188 54,534 6A
62 125 187 | 7A |54,477 54,573 54,628 54,658 54,689 54,733 54,983| 2,088 6,597 9,564 11,883 14,768 18,572 22,245 25973 30,333 36,222 43,139 48,181 50,460 51,901 53,219 53,939 54,284 7A
522 1,044 1566 | 8A |52,390 52,485 52,540 52,570 52,601 52,645 52,895 54,983] 4,509 7,476 9,795 12,680 16,485 20,157 23,886 28,245 34,134 41,052 46,093 48,372 49,814 51,131 51,851 52,196 8A
1,127 2,255 3,382 | 9A |47,881 47,976 48,031 48,061 48,092 48,136 48,386 50,474 54,983] 2,967 50286 8,171 11,976 15,648 19,376 23,736 29,625 36,543 41,584 43,863 45,304 46,622 47,342 47,687| O9A
742 1,484 2,226 | 10A | 44,913 45,008 45,064 45093 45,125 45,169 45419 47,507 52,016 54,983] 2,319 5204 9,008 12,680 16,409 20,769 26,658 33,575 38,617 40,895 42,337 43,655 44,374 44,720] 10A
580 1,159 1,739 [ 11A |42,595 42,690 42,745 42,775 42,806 42,850 43,100 45,188 49,697 52,665 54,983] 2,885 6,690 10,362 14,091 18,450 24,339 31,257 36,298 38,577 40,019 41,336 42,056 42,401 11A
721 1,443 2,164 [ 12N |39,709 39,805 39,860 39,889 39,921 39,965 40,215 42,303 46,812 49,779 52,098 54,983| 3,804 7,477 11,205 15565 21,454 28,371 33,413 35,692 37,133 38,451 39,171 39,516 12N
951 1,902 2,853 1P |35905 36,000 36,056 36,085 36,117 36,161 36,411 38,499 43,008 45,975 48,294 51,179 54,983| 3,672 7,401 11,761 17,650 24,567 29,609 31,887 33,329 34,647 35,366 35712| 1P
918 1,836 2,754 | 2P |32,233 32,328 32,384 32,413 32,444 32,489 32,739 34,826 39,335 42,303 44,621 47,507 51,311 54,983| 3,729 8,088 13,977 20,895 25,936 28,215 29,657 30,975 31,694 32,039| 2P
932 1,864 2,796 [ 3P |28504 28,599 28,655 28,684 28,716 28,760 29,010 31,098 35,607 38,574 40,893 43,778 47,582 51,255 54,983] 4,360 10,249 17,166 22,208 24,486 25,928 27,246 27,965 28,311| 3P
1,090 2,180 3,270 [ 4P |24,144 24,239 24,295 24,324 24,356 24,400 24,650 26,738 31,247 34,214 36,533 39,418 43,223 46,895 50,623 54,983| 5,889 12,806 17,848 20,127 21,568 22,886 23,605 23,951 4P
1,472 2,945 4,417 | 5P |18,255 18,350 18,406 18,435 18,467 18,511 18,761 20,849 25358 28,325 30,644 33,529 37,334 41,006 44,734 49,094 54,983] 6,917 11,959 14,238 15,679 16,997 17,716 18,062| 5P
1,729 3,459 5188 | 6P |11,338 11,433 11,489 11,518 11,550 11,594 11,844 13,932 18,441 21,408 23,727 26,612 30,416 34,088 37,817 42,177 48,066 54,983| 5042 7,320 8,762 10,080 10,799 11,145 6P
1,260 2521 3781 7P | 6,296 6,392 6,447 6,477 6,508 6552 6,802 8,890 13,399 16,366 18,685 21,570 25,375 29,047 32,776 37,135 43,024 49,942 54,983| 2,279 3,720 5,038 5758 6,103 7P
570 1,139 1,709 [ 8P | 4,018 4,113 4,169 4,198 4,229 4274 4523 6,611 11,120 14,088 16,406 19,292 23,096 26,768 30,497 34,857 40,746 47,663 52,705 54,983| 1,442 2,759 3,479 3,824 | 8P
360 721 1,081 9P | 25576 2,671 2,727 2,756 2,788 2,832 3,082 5170 9,679 12,646 14,965 17,850 21,654 25,327 29,055 33,415 39,304 46,221 51,263 53,542 54,983| 1,318 2,037 2,383 | 9P
329 659 988 | 10P | 1,258 1,353 1,409 1,438 1470 1514 1764 3,852 8,361 11,328 13,647 16,532 20,336 24,009 27,737 32,097 37,986 44,903 49,945 52,224 53,665 54,983] 719 1,065 [ 10P
180 360 540 | 11P | 539 634 690 719 750 795 1,045 3,132 7,641 10,609 12,927 15813 19,617 23,289 27,018 31,378 37,267 44,184 49,226 51,504 52,946 54,264 54,983| 346 [ 11P

[+:5]+:30]+:45 1A J2a ] 3a ] 4a ] sAa[6a ] 7a] 8] oaJwoaluaJaan] 1P [ 2P [ 3P J 4P [ 5P [ 6P [ 7P | 8P | oP [ 10P | 11P [ 12M
Costw| +:15 | 24 14 7 8 1 62 522 1127 742 580 721 951 918 932 1,090 1,472 1729 1,260 570 360 329 180 86 48 [ +:15
Later [ +:30] 48 28 15 16 22 125 1,044 2255 1484 1,159 1,443 1902 1,836 1,864 2,180 2,945 3,459 2,521 1,139 721 659 360 173 97 [ +:30
Finish [ +:45] 71 42 22 24 33 187 1566 3,382 2,226 1,739 2,164 2,853 2754 2,796 3,270 4,417 5188 3,781 1,709 1,081 988 540 259 145 | +:45

Examples Using Short Term Daily Cost Table
1:00P to 2:00P =

1:15P to 2:00P =

3,672

1:00P to 2:00P =

2,754

1:00P to 3:00P:

3,672

2:00P to 3:00P = _ 3,729

7,401

1:15P to 2:00P =
2:00P to 2:15P =

1:15P to 2:15P:

2,754
932
3,686

Examples Using Long Term Daily Cost Table
1:00P to 2:00P = 3,672
7:00A to 5:00P = 36,222
1:00P to 1:00P = 54,983

1:15P to 2:15P:
1:15P to 2:00P =
2:00P to 2:15P =

2,754

3,686

Fig. 2-21 Daily Cost View of User Costsfor “Lane Closed, Not Announced”
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932

6:45A to 5:30P:

7:00A to 5:00P = 36,222

6:45A to 7:00A =
5:00P to 5:30P =_ 3,459

62

39,743




2.4.2.2.3.5 Project Cost View

We have seen how aday’s user cost and period cost can be calculated for any set of lane-
closed periods. The Project Cost View goes a step further; it calculates user cost (or period cost)
for one traffic maintenance method for any sets of daily lane closure for any number of days. It
has two primary uses:

1. We can calculate user cost for aternative hours of daily lane closure, so we can easily com-
pare aternative lane closure hours. We have input avariety of aternative lane closure times
for “Lane Closed, Not Announced,” in Fig. 2-23, and the right-most columns tell us the daily
number of hours of lane closure and user cost for each alternative. For example, we see 7A-5P
user cost = $36,222, 6:45A-5:30P user cost = $39,743, and 7:45-4:30 user cost = $37,712.
We disregard the totals at the bottom.

2. Wecan calculate daily and total hours of lane closure and user cost (or period cost) for the
duration of the project. Fig. 2-23 shows user cost for US 00 Overlay, for “Lane Closed, Not
Announced,” for the actual hours a lane was closed. For each day alane is closed we enter the
date and hours of lane closure, and for each hour we enter the fraction of the hour the lane
was closed.® For example, Fig. 2-23 shows a lane was closed 7:30A-5:45 on 6/12/98, which
totals 10.25 hr with user cost = $40,366. Total user cost for the project = $396,130 for these
lane closures without a publicity program.

Project Cost View User | Period |Detai|ed| Daily|

Project:{US 00 Overlay (Example) o - < < | < g i & & o (oo ]a]a Print |
o= ~ © o =1 — - . ~ (] < [Te] ©
By:|R. I. Carr, 7/1/97 E o < | < |« < <|l<lolalalalala
© ~ © o o — N - ~ ™ < 1o} i
Other: — | Daily
Method:|No Publicity ] _8 =g glglslaleglzslalalglaln
Traffic:|Lane Closed 353 |9 Sl |12 |e =232 Lane
P/U:|100.0% Paste Values o& L2222 12|12 |29 | |9 | Closed | Period
Hours Cost
Day |Date Lane Closure Times Fraction of Hour Lane is Closed (hr) (hr) ($)
1 6A-4P 1 1 1 1 1 1 1 1 1 1 10.00| $30,583
2 6:15A-4:15P 0.75] 1 1 1 1 1 1 1 1 1 ]0.25 10.00| $31,993
3 6:30A-4:30P 05| 1 1 1 1 1 1 1 1 1]05 10.00| $33,403
4 6:45A-4:45P 0.25] 1 1 1 1 1 1 1 1 1 ]0.75 10.00| $34,812
5 6:45A-5:30P 0.25| 1 1 1 1 1 1 1 1 1 1105 10.75| $39,743
6 7A-5P 1 1 1 1 1 1 1 1 1 1 10.00| $36,222
7 7:15A-5:15P 0.75] 1 1 1 1 1 1 1 1 1 ]10.25 10.00| $37,430
8 7:30A-5:30P 05| 1 1 1 1 1 1 1 1 1105 10.00| $38,637
9 7:45A-5:45P 0.25| 1 1 1 1 1 1 1 1 1 ]10.75 10.00| $39,844
10 7:45A-4:30P 0.25] 1 1 1 1 1 1 1 1 ]0.5 8.75| $31,712
11 7A-4P 1 1 1 1 1 1 1 1 1 9.00| $30,333
12 7A-4:30 1 1 1 1 1 1 1 1 1]05 9.50| $33,278
13 12P-4P 1 1 1 1 4.00| $15,565
Total Periods (hr)| 2.75(9.75] 12 | 12 | 12 | 12 | 13 | 13| 13 [ 13 | 75| 2 122.00( $433,555
Totals NN EEEE
° Print | 538&|38 2 :r." trof 10\0" :’ :nr" r': ;’ g’ :r." Svoa" $433,555
= O L2 IO YT - B R O T = I = (T T S
w|lH | |v |6 | e | |a|éd e | e

Fig. 2-22 Project Cost View of User Costsfor Selected Hours of Lane Closure,
for “Lane Closed, Not Announced”

® Project Cost View calculations use the fraction of hour laneis closed. Dates and hours of lane closure are only
documentation; they are not used in calculations.

CO® User Manual September 18, 1997 Page 2-44



Project Cost View  User | Period |Detai|ed| Daily

Project:|US 00 Owerlay (Example) o - < |<|Z i & S la|a|a|a|a Print
-gz?ﬂ”‘ﬂ’ﬂ.ﬂ.“-vf?ﬁfm‘?;l
By:[R. I. Carr, 7/1/97 & < ,f ; <;: g i & & & 2_) % &
Other: @A la | Daily
Method:[No Publicity 55 - |lowlo|l~clolowlvl|lalolo]lol~
Traffic:|Lane Closed g °3 2 2 z 2 2. 2 g c’: : g g Lane
P/U:{100.0% Paste Values S CACZ 22|22 [P |® P |® | Closed | Period
Hours Cost
Day [Date Lane Closure Times Fraction of Hour Lane is Closed (hr) (hr) (%)
1 6/10/98 |7A-5P 1 1 1 1 1 1 1 1 1 1 10.00| $36,222
2 6/11/98 |7A-5P 1 1 1 1 1 1 1 1 1 1 10.00{ $36,222
3 6/12/98 |7A-4P 1 1 1 1 1 1 1 1 1 9.00( $30,333
4 6/15/98 |7:30A-5:45P 0.5 1 1 1 1 1 1 1 1 1 ]10.75 10.25| $40,366
5 6/16/98 |7A-8:15A, 11:30A-5:15P 1 10.25 0.5 1 1 1 1 1 ]10.25 7.00| $27,841
6 6/17/98 |7A-4:30P 1 1 1 1 1 1 1 1105 8.50( $31,190
7 6/22/98 |10A-4:45 1 1 1 1 1 1 10.75 6.75| $25,186
8 6/23/98 |7A-5P 1 1 1 1 1 1 1 1 1 1 10.00| $36,222
9 6/24/98 |7A-4:45P 1 1 1 1 1 1 1 1 1 10.75 9.75( $34,750
10 6/25/98 |7:15A-4:30P 0.75] 1 1 1 1 1 1 1 1105 9.25( $32,756
11 6/30/98 |9A-3:30P 1 1 1 1 1 1105 6.50| $21,556
12 7/1/98 7A-3P 1 1 1 1 1 1 1 1 8.00( $25,973
13 7/2/98 9A-2:30P 1 1 1 1 1105 5.50( $17,512
Total Periods (hr)| 8.25]9.25( 11 | 12 |12.5| 13 | 13 |125]105( 75| 1 110.50( $396,130
Total = = JI1S(S|N |8 |5 |33 R |8 |
otals Print | S| |S|s|elslaslnlels T2 $396130
"C g g 8|33 |a]3]|3]8

Fig. 2-23 Project Cost View of User Costsfor Project Duration
for “Lane Closed, Not Announced”

2.4.2.3 Period Cost Using Daily Cost Sheet (daily tab)

2.4.2.3.1 Contract Period Cost

Asdiscussed in Sec. 2.4.1, pg. 2-26 period cost is the term we use for values specified in
Specia Provisions for contract costs per time period. Period costs can be stated in Special Provi-
sions as liquidated damages, as incentives and disincentives, as adjustmentsin A+B contracts, or
as rent-a-lane charges.

We generally do not set period cost (1) as high as user cost nor (2) completely out of
range of regular contract cost. We typically reduce period cost to P/U = ratio of period cost to
user cost, to bring period cost in line with our criteria. For US 00 Overlay, we arbitrarily set P/U
= 33.3%, , for which period cost = (P/U) * (user cost) = 0.333 * (user cost). Given that (1) cal-
culated user cost is only approximate, and (2) we are arbitrarily setting period cost a significant
amount less than user cost, rounding-off values provides a more redlistic representation of accu-
racy. We can aso set a cost threshold below which period cost will be set to zero.

Period cost is calculated by the Daily Sheet in the same way as user cost, which was dem-
onstrated in Sec. 2.4.2.2.3, as will be shown in the following sections.

2.4.2.3.2 User Cost View

The User Cost View isthe primary input point for Daily Sheet calculations, for it is here
that we input user cost, from which period cost is calculated. The input for “Lane Closed, Not
Announced”, isshown in Fig. 2-17, which was used for Daily Sheet calculations of user cost.
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2.4.2.3.3 Period Cost View

The purpose of the Period Cost View isto calculate period cost from user cost. It is here
that we input the values by which user cost is adjusted in determining period cost. Fig. 2-24
shows the Period Cost View that calculates and reports period costs for “Lane Closed, Not An-
nounced”. We have input P/U = 33.3%, as discussed in Sec. 2.4.2.3.1. We aso set round-off =
$100 and we will have no hourly period cost less than cost threshold = $100.

We can calculate period cost for any length lane closure using the Period Cost View, as
we showed earlier for user cost in Sec. 2.4.2.2.3.2. However, the Detailed Cost View and Daily
Cost View were designed especidly for such calculations, and they are easier to use.

Adjustments to User Cost

Fraction = P/U = 33.3%
Cost Threshold = $100
Roundoff= | $100
Period Cost View
Project:] US 00 Overlay (Example)
By: R. . Carr, 7/1/97
Other:
Method: No Publicity
Traffic: Lane Closed
Print Cost per Period
Period (min): 60 15
12A-1A $0 $0
1A-2A $0 $0
2A-3A $0 $0
3A-4A $0 $0
4A-5A $0 $0
5A-6A $0 $0
6A-7A $0 $0
7A-8A $700 $175
8A-9A $1,500 $375
9A-10A $1,000 $250
10A-11A $800 $200
11A-12 P $1,000 $250
12P-1P $1,300 $325
1P-2P $1,200 $300
2P-3P $1,200 $300
3P-4P $1,500 $375
4P-5P $2,000 $500
5P-6P $2,300 $575
6P-7P $1,700 $425
7P-8P $800 $200
8P-9P $500 $125
9P-10P $400 $100
10P-11P $200 $50
11P-12A $100 $25
24 hr $18,200

Fig. 2-24 Period Cost View of Period Costsfor “Lane Closed, Not Announced”

2.4.2.3.4 Detailed Cost View

Fig. 2-25 shows the Detailed Cost View based on the Period Cost View in Fig. 2-24. 1t
automatically calculates examples of manual calculations at its bottom, for whole hours and for
15, 20, or 30 min fractions of hours. Manual calculation methods that use the Detailed Cost View
were explained in Sec. 2.4.2.2.3.3, Pg. 2-38. An example for these period costs is 6:45A-5:30P
period cost = (7A-5P period cost) + (6:45A-7:00A period cost) + (5:00P-5:30P period cost) =
(12,200 - 0 =12,200) + 0 + 1,150 = $13,350. Thisis an examplein Fig. 2-25.
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User Cost Period Cost | Daily Cost Project Cost |

Detailed Cost View Print Print w/ Examples |
Project:] US 00 Overlay (Example) | Method: No Publicity
By: R. I. Carr, 7/1/97 Traffic: Lane Closed
Other: P/U: 33%
Cost per Period
Period (min): 60 15 30 45
Time of Day Period Sum
12A-1A $0 $0 $0 $0 $0
1A-2A $0 $0 $0 $0 $0
2A-3A $0 $0 $0 $0 $0
3A-4A $0 $0 $0 $0 $0
4A-5A $0 $0 $0 $0 $0
5A-6A $0 $0 $0 $0 $0
6A-7A $0 $0 $0 $0 $0
7A-8A $700 $700 $175 $350 $525
8A-9A $1,500 $2,200 $375 $750 $1,125
9A-10A $1,000 $3,200 $250 $500 $750
10A-11A $800 $4,000 $200 $400 $600
11A-12P $1,000 $5,000 $250 $500 $750
12P-1P $1,300 $6,300 $325 $650 $975
1P-2P $1,200 $7,500 $300 $600 $900
2P-3P $1,200 $8,700 $300 $600 $900
3P-4P $1,500 $10,200 $375 $750 $1,125
4P-5P $2,000 $12,200 $500 $1,000 [ $1,500
5P-6P $2,300 $14,500 $575 $1,150 | $1,725
6P-7P $1,700 $16,200 $425 $850 $1,275
7P-8P $800 $17,000 $200 $400 $600
8P-9P $500 $17,500 $125 $250 $375
9P-10P $400 $17,900 $100 $200 $300
10P-11P $200 $18,100 $50 $100 $150
11P-12A $100 $18,200 $25 $50 $75
24 hr $18,200
Examples
1:00P to 2:00P = 1,200  1:15P to 2:00P = 900
1:00P to 3:00P: 7:00A to 5:00P:
1:00P to 2:00P = 1,200 12:00Ato 5:00P = 12,200
2:00P to 3:00P = 1,200 -12:00A to 7:00A = 0
2,400 12,200
1:15P to 2:15P: 6:45A to 5:30P:
1:15P to 2:00P = 900  7:00Ato 5:00P = 12,200
2:00P to 2:15P = 300 6:45Ato 7:00A = 0
1,200  5:00P to 5:30P = 1,150

13,350

Fig. 2-25 Detailed Cost View of Period Costsfor “Lane Closed, Not Announced”
with 15-min. Segments

2.4.2.3.5 Daily Cost View

Fig. 2-26 shows the Daily Cost View based on the Period Cost View in Fig. 2-24, in par-
allel with the Detailed Cost View in Fig. 2-25. Like the Detailed Cost View, it automatically cal-
culates examples of manual calculations at its bottom, for whole hours and for 15, 20, or 30 min
fractions of hours. Manual calculation methods that use the Daily Cost View were explained in
Sec. 2.4.2.2.3.4, Pg. 2-42. An example for these period costs is 6:45A-5:30P period cost = (7A-
5P period cost) + (6:45A-7:00A period cost) + (5:00P-5:30P period cost) = 12,200 + 0 + 1,150 =
$13,350. Thisis an examplein Fig. 2-26.
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Daily Cost View Project: US 00 Overlay (Example) Method: No Publicity
By: R. |. Carr, 7/1/97 Traffic: Lane Closed
Short Term Daily Cost Table ($) Other: P/U: 0.333
Period[12-1A] 12 [ 23 [ 34 [ 45 [ 56 | 67 | 78 | 89 [ 910 J10-11J11-12J12-aP] 12 [ 23 [ 34 [ 45 [ 56 | 67 [ 78 | 89 [ 910 J10-11] 1112
ol 15 0 0 0 0 0 0 0 175 375 250 200 250 325 300 300 375 500 575 425 200 125 100 50 25 15
3 30 0 0 0 0 0 0 0 350 750 500 400 500 650 600 600 750 1,000 1,150 850 400 250 200 100 50 30
E| 45 0 0 0 0 0 0 0 525 1,125 750 600 750 975 900 900 1,125 1500 1,725 1,275 600 375 300 150 75 45
60 0 0 0 0 0 0 0 700 1,500 1,000 800 1,000 1,300 1,200 1,200 1500 2,000 2,300 1,700 800 500 400 200 100 [ 60
User Cost | Period Cost | Detailed Cost | Project Cost | Print View | Print View with Example |
Long Term Daily Cost Table (Up to 24 hr) ($)

Cost w/ Earlier Start To|Hour-to-Hour Cost To
+:15 [ +:30 | +:45 |From 1A [ 2a [ 3Aa ] aa [ 5Aa [ 6Aa [ 7A T 8a ] oA J1oaJuuaJ aon ] 1P [ 2P [ 3P [ 4P [ 5P [ 6P [ 7P | 8 [ 9P [ 10p | 11P | 12M [“From
25 50 75 [12m | o 0 0 0 0 0 0 700 2,200 3,200 4,000 5000 6,300 7,500 8,700 10,200 12,200 14,500 16,200 17,000 17,500 17,900 18,100 18,200 12M
0 0 0 1A [18,200] o 0 0 0 0 0 700 2,200 3,200 4,000 5000 6,300 7,500 8,700 10,200 12,200 14,500 16,200 17,000 17,500 17,900 18,100 18,200 1A
0 0 0 2A |18,200 18,200] 0 0 0 0 0 700 2,200 3,200 4,000 5000 6,300 7,500 8,700 10,200 12,200 14,500 16,200 17,000 17,500 17,900 18,100 18,200 2A
0 0 0 3A |18,200 18,200 18,200 0 0 0 0 700 2,200 3,200 4,000 5000 6,300 7,500 8,700 10,200 12,200 14,500 16,200 17,000 17,500 17,900 18,100 18,200 3A
0 0 0 4A |18,200 18,200 18,200 18,200] 0 0 0 700 2,200 3,200 4,000 5000 6,300 7,500 8,700 10,200 12,200 14,500 16,200 17,000 17,500 17,900 18,100 18,200 4A
0 0 0 SA 18,200 18,200 18,200 18,200 18,200 0 700 2,200 3,200 4,000 5000 6,300 7,500 8,700 10,200 12,200 14,500 16,200 17,000 17,500 17,900 18,100 18,200 5A
0 0 0 6A |18,200 18,200 18,200 18,200 18,200 700 2,200 3,200 4,000 5000 6,300 7,500 8,700 10,200 12,200 14,500 16,200 17,000 17,500 17,900 18,100 18,200 6A
0 0 0 7A ]18,200 18,200 18,200 18,200 18,200 18,200 700 2,200 3,200 4,000 5000 6,300 7,500 8,700 10,200 12,200 14,500 16,200 17,000 17,500 17,900 18,100 18,200 7A
175 350 525 | 8A |17,500 17,500 17,500 17,500 17,500 17,500 17,500 18,200| 1,500 2,500 3,300 4,300 5,600 6,800 8,000 9,500 11,500 13,800 15,500 16,300 16,800 17,200 17,400 17,500| 8A
375 750 1,125 9A |16,000 16,000 16,000 16,000 16,000 16,000 16,000 16,700 18,200 1,000 1,800 2,800 4,100 5,300 6,500 8,000 10,000 12,300 14,000 14,800 15,300 15,700 15,900 16,000 9A
250 500 750 | 10A | 15,000 15,000 15,000 15,000 15,000 15,000 15,000 15,700 17,200 18,200] 800 1,800 3,100 4,300 5500 7,000 9,000 11,300 13,000 13,800 14,300 14,700 14,900 15,000] 10A
200 400 600 [ 11A |14,200 14,200 14,200 14,200 14,200 14,200 14,200 14,900 16,400 17,400 18,200] 1,000 2,300 3,500 4,700 6,200 8,200 10,500 12,200 13,000 13,500 13,900 14,100 14,200 11A
250 500 750 [ 12N ]13,200 13,200 13,200 13,200 13,200 13,200 13,200 13,900 15,400 16,400 17,200 18,200| 1,300 2,500 3,700 5,200 7,200 9,500 11,200 12,000 12,500 12,900 13,100 13,200 12N
325 650 975 | 1P 11,900 11,900 11,900 11,900 11,900 11,900 11,900 12,600 14,100 15,100 15,900 16,900 18,200] 1,200 2,400 3,900 5900 8,200 9,900 10,700 11,200 11,600 11,800 11,900[ 1P
300 600 900 | 2P 10,700 10,700 10,700 10,700 10,700 10,700 10,700 11,400 12,900 13,900 14,700 15,700 17,000 18,200| 1,200 2,700 4,700 7,000 8,700 9,500 10,000 10,400 10,600 10,700[ 2P
300 600 900 [ 3P ]|9500 9,500 9,500 9,500 9,500 9,500 9,500 10,200 11,700 12,700 13,500 14,500 15,800 17,000 18,200] 1,500 3,500 5,800 7,500 8,300 8,800 9,200 9,400 9,500 | 3P
375 750 1,125[ 4P |8,000 8,000 8000 8000 8000 8000 8000 8700 10,200 11,200 12,000 13,000 14,300 15,500 16,700 18,200] 2,000 4,300 6,000 6,800 7,300 7,700 7,900 8,000 [ 4P
500 1,000 1,500 5P | 6,000 6,000 6,000 6,000 6000 6,000 6,000 6,700 8,200 9,200 10,000 11,000 12,300 13,500 14,700 16,200 18,200] 2,300 4,000 4,800 5,300 5,700 5,900 6,000 [ 5P
575 1,150 1,725 6P | 3,700 3,700 3,700 3,700 3,700 3,700 3,700 4,400 5,900 6,900 7,700 8,700 10,000 11,200 12,400 13,900 15,900 18,200] 1,700 2,500 3,000 3,400 3,600 3,700 [ 6P
425 850 1275 7P ]2,000 2,000 2,000 2,000 2,000 2,000 2000 2700 4,200 5200 6,000 7,000 8300 9,500 10,700 12,200 14,200 16,500 18,200| 800 1,300 1,700 1,900 2,000 [ 7P
200 400 600 [ 8P ]1,200 1,200 1,200 1,200 1,200 1,200 1,200 1,900 3,400 4,400 5200 6,200 7,500 8,700 9,900 11,400 13,400 15,700 17,400 18,200 500 900 1,100 1,200 [ 8P
125 250 375 [ 9P | 700 700 700 700 700 700 700 1,400 2,900 3,900 4,700 5,700 7,000 8200 9,400 10,900 12,900 15,200 16,900 17,700 18,200] 400 600 700 | 9P
100 200 300 [ 10P | 300 300 300 300 300 300 300 1,000 2,500 3500 4,300 5,300 6,600 7,800 9,000 10,500 12,500 14,800 16,500 17,300 17,800 18,200] 200 300 [ 10P
50 100 150 [ 11P | 100 100 100 100 100 100 100 800 2,300 3,300 4,100 5,100 6,400 7,600 8,800 10,300 12,300 14,600 16,300 17,100 17,600 18,000 18,200] 100 [ 11P

[+:a5]+:30]+:45 1A J2a ] 3a ] 4a ] sAa[6a ] 7a] 8] oaJwoaluaJaan] 1P [ 2P [ 3P J 4P [ 5P [ 6P [ 7P | 8P | oP [ 10P | 11P [ 12M
Costw| +:15] © 0 0 0 0 0 175 375 250 200 250 325 300 300 375 500 575 425 200 125 100 50 25 0 [+:15
Later [+:30] o 0 0 0 0 0 350 750 500 400 500 650 600 600 750 1,000 1,150 850 400 250 200 100 50 0o [+:30
Finish [ +:45] o0 0 0 0 0 0 525 1,125 750 600 750 975 900 900 1,125 1500 1,725 1,275 600 375 300 150 75 0 [+:45

Examples Using Short Term Daily Cost Table

1:00P to 2:00P =

1:15P to 2:00P =

1,200 1:00P to 3:00P:
1:00P to 2:00P = 1,200
900 2:00P to 3:00P = _ 1,200

2,400

1:15P to 2:15P:

1:15P to 2:00P = 900
2:00P to 2:15P = 300
1,200

Examples Using Long Term Daily Cost Table

1:00P to 2:00P = 1,200
7:00A to 5:00P = 12,200
1:00P to 1:00P = 18,200

1:15P to 2:15P:
1:15P to 2:00P = 900
2:00P to 2:15P = 300
1,200

Fig. 2-26 Daily Cost View for “Lane Closed, Not Announced” Period Costs
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6:45A to 5:30P:
7:00A to 5:00P = 12,200
6:45A to 7:00A = 0
5:00P to 5:30P =__ 1,150
13,350




2.4.2.3.6 Project Cost View

Fig. 2-27 and Fig. 2-28 show the Project Cost View based on the Period Cost View in
Fig. 2-24, in parallel with the Detailed Cost View in Fig. 2-25 and the Daily Cost View in Fig. 2-
26. The Project Cost View automatically calculates and sums period costs for each day’ s periods
of closure.

Fig. 2-27 pardlels Fig. 2-22 in showing period costs for a variety of aternative lane clo-
sure times for “Lane Closed, Not Announced,” and the right-most columns tell us the daily num-
ber of hours of lane closure and user cost for each alternative. For example, we see 7A-5P period
cost = $12,200, 6:45A-5:30P period cost = $13,350, and 7:45-4:30 period cost = $10,675. We
disregard the totals at the bottom.

The Project Cost View is particularly designed to calculate actual period cost after con-
tract completion. An example we discuss in more detail in Sec. 2.4.2.3.7 isshown in Fig. 2-28.
HiWay Construction Co. (afictitious company) has received the contract and performs the work
with contract period costs shown in Fig. 2-24. HiWay’ s lane-closed hours are shown in Fig. 2-28,
which calculates daily and total hours of lane closure and period cost for the duration of the proj-
ect for “Lane Closed, Not Announced.” For example, Fig. 2-28 shows alane was closed 7:30A-
5:45 on 6/12/98, which totals 10.25 hr with period cost = $13,575. Tota user cost for the project
= $133,300 for these lane closures without a publicity program. Of course, thisinformation de-
pends on actual lane closures, using the traffic maintenance method under which the project is
actually performed. Therefore, it is only available for one traffic maintenance method, following
completion of the project.

Project Cost View User | Period |Detai|ed| Daily|

Project:{US 00 Overlay (Example) o - < |<|< | i & L la|a|la|a|la Print
o E ~|lo|lo|Q|a]a|T|aw|m |t |w]o
By:[R. I. Carr, 7/1/97 & < < < < < < < & a a a a a
o |~ |0 | o o|ld |y ||~ ]|m < | w .
Other: — | Daily
Method:|No Publicity 5 o | o clololololo|o
28 |olgl28|8lgsleslel8|lsle]|s]s
Traffic;| Lane Closed 2oe |? |5 g 3 glglalalalala Lane
a = )
P/U:[33.3% Paste Values © i PN || ® [P | ® | Closed | Period
Hours Cost
Day |Date Lane Closure Times Fraction of Hour Lane is Closed (hr) (hr) ($)
1 6A-4P 1 1 1 1 1 1 1 1 1 1 10.00| $10,200
2 6:15A-4:15P 0.75] 1 1 1 1 1 1 1 1 1 ]0.25 10.00| $10,700
3 6:30A-4:30P 05| 1 1 1 1 1 1 1 1 1]05 10.00| $11,200
4 6:45A-4:45P 0.25] 1 1 1 1 1 1 1 1 1 ]0.75 10.00| $11,700
5 6:45A-5:30P 0.25| 1 1 1 1 1 1 1 1 1 1105 10.75| $13,350
6 7A-5P 1 1 1 1 1 1 1 1 1 1 10.00| $12,200
7 7:15A-5:15P 0.75] 1 1 1 1 1 1 1 1 1 ]10.25 10.00| $12,600
8 7:30A-5:30P 05| 1 1 1 1 1 1 1 1 1105 10.00| $13,000
9 7:45A-5:45P 0.25| 1 1 1 1 1 1 1 1 1 ]10.75 10.00| $13,400
10 7:45A-4:30P 0.25| 1 1 1 1 1 1 1 1 ]0.5 8.75| $10,675
11 7A-4P 1 1 1 1 1 1 1 1 1 9.00| $10,200
12 7A-4:30 1 1 1 1 1 1 1 1 1]05 9.50| $11,200
13 12P-4P 1 1 1 1 4.00] $5,200
Total Periods (hr)| 2.75(9.75] 12 | 12 | 12 | 12 | 13 | 13| 13 [ 13 | 75| 2 122.00( $145,625
Totals = 2glglslsls]s]s]s]e]s
0~
Print SSEI8 |2 3| |2|S|S|s|s|a|a|S| $145625
= O lalalglaglglglzld = [ &
B | & B || |6 |6 |6

Fig. 2-27 Project Cost View of Period Costsfor Selected Hours of Lane Closure,
for “Lane Closed, Not Announced”
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Project Cost View  User | Period |Detai|ed| Daily

Project:|US 00 Owerlay (Example) o - < |<|Z i & S la|a|a|a|a Print
L= o lo |Q|a]|la T | ]| |w]|o |
By:|R. I. Carr, 7/1/97 g2 <;: <;: <;: < < & nl_ nl_ nl_ nl_ nl_
Other: O R ST R s R T i T Daily
Method:[No Publicity 5o slelalalelalalalelels
: =8E 8|8 |c|g|s|g8|g|c|8 |88
Traffic:|Lane Closed 25 Sl lald(8|l3l2|glglgla]|lo Lane
P/U:(33.3% Paste Values S e CAENP|® [P || @ | Closed | Period
Hours Cost
Day [Date Lane Closure Times Fraction of Hour Lane is Closed (hr) (hr) (%)
1 6/10/98 |7A-5P 1 1 1 1 1 1 1 1 1 1 10.00( $12,200
2 6/11/98 |7A-5P 1 1 1 1 1 1 1 1 1 1 10.00{ $12,200
3 6/12/98 |7A-4P 1 1 1 1 1 1 1 1 1 9.00( $10,200
4 6/15/98 |7:30A-5:45P 05] 1 1 1 1 1 1 1 1 1 ]10.75 10.25( $13,575
5 6/16/98 |7A-8:15A, 11:30A-5:15P 1 10.25 05| 1 1 1 1 1 ]10.25 7.00| $9,350
6 6/17/98 |7A-4:30P 1 1 1 1 1 1 1 1105 8.50( $10,500
7 6/22/98 |10A-4:45 1 1 1 1 1 1 10.75 6.75| $8,500
8 6/23/98 |7A-5P 1 1 1 1 1 1 1 1 1 1 10.00( $12,200
9 6/24/98 |7A-4:45P 1 1 1 1 1 1 1 1 1 10.75 9.75( $11,700
10 6/25/98 |7:15A-4:30P 0.75] 1 1 1 1 1 1 1 1105 9.25( $11,025
11 6/30/98 |9A-3:30P 1 1 1 1 1 1105 6.50| $7,250
12 7/1/98 7A-3P 1 1 1 1 1 1 1 1 8.00 $8,700
13 7/2/98 9A-2:30P 1 1 1 1 1105 5.50( $5,900
Total Periods (hr)| 8.25]9.25( 11 | 12 |12.5| 13 | 13 |125]105( 75| 1 110.50 $133,300
Total == lelelslslelsleglels]g]s
otals brint | Sz~ |2 (s |a|2]|2]8|S2 (5123 $133300
O 9 — — 2 — o =1 =1 =1 =1 ]
» | » » |» |6 |6 |n |»

Fig. 2-28 Project Cost View of Period Costsfor Project Duration
for “Lane Closed, Not Announced”

2.4.2.3.7 Period and Project Cost for Each Direction

The sections above describe user cost, period cost, and project cost calculations using the
average of the two directions' demands for each hour. Thisis recommended for its ease of use,
whenever the user cost in the two directions does not so differ that it encourages less practical
behavior. However, the two directions of travel on aroad often differ so much in their high and
low demands that the Department will want the lane-closed hours in one lane to differ from the
other. This is easily accommodated within the CO® system by implementing a set of user, period,
and project cost calculations and requirements for each direction.

Fig. 2-29 and Fig. 2-30 are Combined Views for 24 hours of SE bound and NW bound
lane closure. Their input differs from Fig. 2-13 Combined View for "24 hr, Not Announced”, Av-
erage Design Demand only in design demand: For Fig. 2-13 design demand = average of SE and
NW bound vehicles, for Fig. 2-29 design demand = SE bound, and for Fig. 2-30 = NW bound.
Primary output is user cost.

Fig. 2-31 shows User Cost Views for SE and NW bound traffic, each of whichison aits
own Daily Sheet. User cost input was Paste Valued from the user cost columnsin Fig. 2-29 and
Fig. 2-30. Fig. 2-32 shows Period Cost Views which were calculated from the User Cost Views
of Fig. 2-31 on the respective Daily Sheets for SE and NW bound traffic. Period costs were cal-
culated using the same P/U, cost threshold, and round-off values that we used earlier in Fig. 2-24
for average design demand. We see from Fig. 2-31 that SE and NW bound traffic differ in their
user costs, but the difference is not so significant that it would lead a contractor to work different
hours on SE bound lanes than in NW bound lanes.
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Combined View

period length (min) 60 PROJECT INFORMATION REPORT INFORMATION
annual traffic growth (%) 0 PROJECT [US 00 Overlay REPORT |DETAILED USER COST REPORT
years of growth 2 TITLE _[Example Problem TITLE _[COMBINED VIEW
VEHICLE INPUT cars trucks C.s. 90000 DIVISION
design demand (%)| 90.0% 10.0% JOB # 00000 REPORT BY R. . Carr
user cost per hour ($/V hr)] $10.79 $10.79 START DATE 6/00/98 REPORT DATE 1/2/97
user cost per mile, ($/V mi)| $0.30 $1.00 NOTES:
luser cost per cancellation, ($/V)] $1.00 $2.00
METHOD INPUT METHOD 1 SUMMARY OUTPUT
method 24 hr, Not traffic 24 hr, Not
title| Announced method Announced
DISTANCE AND SPEED (mi) (mph)| distance | speed direction SE
work zone] method travel 2 see delay total user cost $54,847
normal travel 2 65 user cost of delays $42,302
diversion method travel 12 50 user cost of decreases $12,545
normal travel 10 65 maximum backup (V) 264
SPEED DELAY threshold | range maximum backup length (lane mi) 1.5
capacity for speed delay (V/period) 1400 maximum delay (min.) 215
speed (when D~0) (mph) 45 average delay (min) 10.5
speed (when D=C) (mph) 10 total delay, except diversions (V hr) 3,973
DECREASE TO DEMAND threshold | range total vehicles canceled(V) 4,656
capacity for decreases to design demand (V/period) 1400 total vehicles diverted (V) 4,834
canceled cars (with no delay) (%) 5.0% total decrease in demand (V) 9,490
canceled trucks (with no delay) (%) % decrease in demand 30.2%
canceled cars (with delay) (%/min) 1.0% delay per diverted vehicle (min) 52
canceled trucks (with delay) (%/min) total diversion delay (V hr) 416
diverted cars (with no delay) (%) 5.0% average delay, including diversions (min) 9.7
diverted trucks (with no delay) (%) total delay, including diversions (V hr) 4,389
diverted cars (with delay) (%/min) 1.0% user cost / design demand $1.71
diverted trucks (with delay) (%/min) 0.5% delay cost / actual demand $1.89
OTHER USER COST INPUT cars trucks
other user cost per vehicle ($/V)||_$0.00 $0.00
user cost per diversion ($/V) $1.53 $2.93
Combo |Go To: Summary il Overall j Traffic jl User Costjcumbinedj Print: This Viewl Summaw‘ Overall | All | Setup
Direction: SE backup at start (V) 0 backup |maximum|| average | average || decrease| delay user delay cost|
period | capacity actual total total eop delay backup speed cost cost cost [l actual
demand | decrease| delay delay delay demand
(hr) | (V/period)| (V/period) | (V/period)| (V/period) V) (min) (min) (min) [6)] [6)] [6)] (V)
12A 1400 423 58 12 0 1.67 0.0 1.7 $74 $127 $201 $0.30
1A 1400 247 31 5 0 111 0.0 1.1 $39 $49 $88 $0.20
2A 1400 192 23 3 0 1.00 0.0 1.0 $30 $34 $64 $0.18
3A 1400 75 9 1 0 0.85 0.0 0.8 $11 $11 $23 $0.15
4A 1400 80 9 1 0 0.85 0.0 0.9 $12 $12 $24 $0.15
5A 1400 131 16 2 0 0.90 0.0 0.9 $20 $21 $41 $0.16
6A 1400 418 57 11 0 1.65 0.0 1.7 $73 $124 $197 $0.30
7A 1400 1,110 301 124 0 6.68 0.0 6.7 $389 $1,334 $1,723 $1.20
8A 1400 1,356 497 218 0 9.63 0.0 9.6 $643 $2,348 $2,992 $1.73
9A 1400 1,190 355 150 0 7.56 0.0 7.6 $459 $1,617 $2,076 $1.36
10A 1400 1,235 389 166 0 8.08 0.0 8.1 $503 $1,795 $2,298 $1.45
11A 1400 1,366 505 222 0 9.74 0.0 9.7 $654 $2,391 $3,045 $1.75
12P 1400 1,436 588 259 36 11.51 0.7 10.2 $761 $2,797 $3,558 $1.95
1P 1400 1,362 551 243 0 11.68 0.6 10.1 $714 $2,623 $3,337 $1.93
2P 1400 1424 571 252 24 11.07 0.5 10.2 $740 $2,718 $3,458 $1.91
3P 1400 1,563 875 379 187 17.89 4.4 10.2 $1,136 $4,085 $5,221 $2.61
4P 1400 1,482 1,254 492 269 21.67 9.8 10.2 $1,632 $5,308 $6,940 $3.58
5P 1400 1,429 1,444 531 298 22.93 12.1 10.2 $1,879 $5,732 $7,611 $4.01
6P 1400 1,213 953 383 111 22.93 8.8 10.2 $1,240 $4,128 $5,368 $3.40
7P 1400 1,149 419 183 0 14.92 1.1 8.5 $542 $1,977 $2,519 $1.72
8P 1400 1,081 284 115 0 6.38 0.0 6.4 $366 $1,241 $1,607 $1.15
9P 1400 1,027 254 100 0 5.84 0.0 5.8 $327 $1,080 $1,407 $1.05
10P 1400 767 143 46 0 3.62 0.0 3.6 $183 $499 $683 $0.65
11 P 1400 579 90 23 0 241 0.0 2.4 $115 $251 $367 $0.43
TOT 33600 22,333 9,677 3,920 $12,545 $42,302 $54,847 $1.89
MAX 1400 1,563 1,444 531 298 22.93 12 10.15 $1,879 $5,732 $7,611 $4.01
MIN 1400 75 9 1 0 0.85 0 0.85 $11 $11 $23 $0.15

Fig. 2-29 Combined View for " 24 hr, Not Announced", SE Bound Traffic

Fig. 2-33 and Fig. 2-34 are Project Cost Views of actual period costs. The contractor,
HiWay, closed a SE bound lane the first six days, and Fig. 2-33 shows the actual hours of lane
closure and SE total period costs = $65,000. A NW bound lane was closed the next seven days,
and Fig. 2-34 shows the actua hours of lane closure and NW total period costs = $67,700. Total
project period cost = 65,000 + 67,700 = $132,700. Thisis not significantly different from total
project period cost = $133,300 from Fig. 2-28 using period costs based on average design de-
mand. Thisindicates that if the contractor uses the same lane closure for direction specific period
costs (Fig. 2-32) asfor average direction period costs (Fig. 2-24), there should be no substantial
difference in the resulting project period cost. However, when the two directions differ more sub-
stantially than US00 in their hourly period costs, the contractor may select a different lane closure
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pattern for each direction to lower itstotal project period cost. The project user costs and period
costs that result can be quite lower than when average period costs are used for both directions.

Combined View

period length (min) 60 PROJECT INFORMATION REPORT INFORMATION
annual traffic growth (%) 0 PROJECT |US 00 Overlay REPORT |DETAILED USER COST REPORT
years of growth 2 TITLE |Examp|e Problem TITLE |COMBINED VIEW
VEHICLE INPUT cars trucks C.s. 90000 DIVISION
design demand (%)| 90.0% 10.0% JOB # 00000 REPORT BY R. 1. Carr
user cost per hour ($/V hr)| $10.79 $10.79 START DATE 6/00/98 REPORT DATE 1/2/97
user cost per mile, ($/V mi)] $0.30 $1.00 NOTES:
user cost per cancellation, ($/V)| $1.00 $2.00
METHOD INPUT METHOD 1 SUMMARY OUTPUT
method 24 hr, Not traffic 24 hr, Not
title| Announced method Announced
DISTANCE AND SPEED (mi) (mph)|] distance speed direction NW
work zone method travel 2 see delay total user cost $55,164
normal travel 2 65 user cost of delays $42,864
diversion method travel 12 50 user cost of decreases $12,300
normal travel 10 65 maximum backup (V) 264
SPEED DELAY threshold | range maximum backup length (lane mi) 1.5
capacity for speed delay (V/period) 1400 maximum delay (min.) 215
speed (when D~0) (mph) 45 average delay (min) 10.5
speed (when D=C) (mph) 10 total delay, except diversions (V hr) 3,973
DECREASE TO DEMAND threshold | range total vehicles canceled(V) 4,656
capacity for decreases to design demand (V/period) 1400 total vehicles diverted (V) 4,834
canceled cars (with no delay) (%) 5.0% total decrease in demand (V) 9,490
canceled trucks (with no delay) (%) % decrease in demand 29.5%
canceled cars (with delay) (%/min) 1.0% delay per diverted vehicle (min) 5.2
canceled trucks (with delay) (%/min)| total diversion delay (V hr) 416
diverted cars (with no delay) (%) 5.0% average delay, including diversions (min) 9.6
diverted trucks (with no delay) (%) total delay, including diversions (V hr) 4,389
diverted cars (with delay) (%/min)| 1.0% user cost / design demand $1.71
diverted trucks (with delay) (%/min), 0.5% delay cost / actual demand $1.89
OTHER USER COST INPUT cars trucks
other user cost per vehicle ($/V) $0.00 $0.00
user cost per diversion ($/V) $1.53 $2.93
Combo |Go To: Summary :l Overall j Traffic :I User CostjCombinedj Print: This Viewl Summary‘ Overall | All | Setup
Direction: NW backup at start (V) 0 backup |maximum|| average | average || decrease| delay user delay cost|
period | capacity actual total total eop delay backup speed cost cost cost / actual
demand | decrease| delay delay delay demand
(hr) | (V/period) | (V/period) | (V/period)| (V/period) V) (min) (min) (min) $) $) $) ($/V)
12 A 1400 404 55 11 0 1.60 0.0 16 $70 $116 $186 $0.29
1A 1400 274 35 5 0 1.18 0.0 12 $44 $58 $102 $0.21
2A 1400 150 18 2 0 0.93 0.0 0.9 $23 $25 $48 $0.17
3A 1400 116 14 2 0 0.88 0.0 0.9 $18 $18 $36 $0.16
4A 1400 125 15 2 0 0.90 0.0 0.9 $19 $20 $39 $0.16
5A 1400 149 18 2 0 0.93 0.0 0.9 $23 $25 $47 $0.17
6 A 1400 534 80 19 0 2.18 0.0 22 $102 $209 $311 $0.39
7A 1400 1,270 417 180 0 8.50 0.0 8.5 $539 $1,941 $2,480 $1.53
8A 1400 1,664 1,031 439 264 21.48 5.7 10.2 $1,340 $4,734 $6,074 $2.84
9A 1400 1,131 697 297 0 21.48 5.6 10.1 $905 $3,201 $4,106 $2.83
10A 1400 1,243 395 169 0 8.18 0.0 8.2 $511 $1,828 $2,339 $1.47
11A 1400 1,315 456 199 0 9.06 0.0 9.1 $591 $2,143 $2,733 $1.63
12 P 1400 1,490 669 295 90 13.63 1.7 10.2 $868 $3,185 $4,053 $2.14
1P 1400 1,348 659 289 38 13.99 2.7 10.2 $854 $3,121 $3,976 $2.32
2P 1400 1,429 669 295 66 12.99 2.2 10.2 $868 $3,180 $4,049 $2.23
3P 1400 1,333 566 250 0 13.00 1.2 10.0 $733 $2,694 $3,428 $2.02
4P 1400 1,546 781 342 146 16.41 3.1 10.2 $1,014 $3,693 $4,707 $2.39
5P 1400 1,468 1,071 439 214 19.45 7.8 10.2 $1,392 $4,734 $6,126 $3.22
6 P 1400 1,251 796 337 66 19.34 6.0 10.2 $1,034 $3,635 $4,669 $2.91
7P 1400 1,123 349 149 0 12.97 0.3 7.6 $451 $1,605 $2,056 $1.43
8P 1400 992 235 91 0 5.50 0.0 55 $303 $981 $1,285 $0.99
9P 1400 975 227 87 0 5.35 0.0 5.4 $293 $939 $1,232 $0.96
10P 1400 801 155 52 0 3.88 0.0 3.9 $199 $559 $757 $0.70
11 P 1400 546 83 20 0 2.24 0.0 2.2 $106 $220 $325 $0.40
TOT 33600 22,678 9,490 3,973 $12,300 $42,864 $55,164 $1.89
MAX 1400 1,664 1,071 439 264 21.48 8 10.15 $1,392 $4,734 $6,126 $3.22
MIN 1400 116 14 2 0 0.88 0 0.88 $18 $18 $36 $0.16

Fig. 2-30 Combined View for " 24 hr, Not Announced" , NW Bound Traffic
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User Cost View Paste Values User Cost View Paste Values

Project:|US 00 Overlay (Example) Project:|US 00 Overlay (Example)
By:|R. I. Carr, 7/1/97 By:|R. I. Carr, 7/1/97
Other: Other:
Method:|No Publicity Method:|No Publicity
Traffic:| SE Lane Closed Traffic:) NW Lane Closed
Print | User Cost per Period Print | User Cost per Period
Period (min): 60 15 Period (min): 60 15
12A-1A $201 $50 12A-1A $186 $46
1A-2A $88 $22 1A-2A $102 $26
2A-3A $64 $16 2A-3A $48 $12
3A-4A $23 $6 3A-4A $36 $9
4A-5A $24 $6 4A-5A $39 $10
5A-6A $41 $10 5A-6A $47 $12
6A-7A $197 $49 6A-7A $311 $78
7TA-8A $1,723 $431 7TA-8A $2,480 $620
8A-9A $2,992 $748 8A-9A $6,074 $1,518
9A-10A $2,076 $519 9A-10A $4,106 $1,026
10A-11A $2,298 $575 10A-11A $2,339 $585
11A-12P $3,045 $761 11A-12P $2,733 $683
12P-1P $3,558 $889 12P-1P $4,053 $1,013
1P-2P $3,337 $834 1P-2P $3,976 $994
2P-3P $3,458 $865 2P-3P $4,049 $1,012
3P-4P $5,221 $1,305 3P-4P $3,428 $857
4P-5P $6,940 $1,735 4P-5P $4,707 $1,177
5P-6P $7,611 $1,903 5P-6P $6,126 $1,532
6P-7P $5,368 $1,342 6P-7P $4,669 $1,167
7P-8P $2,519 $630 7P-8P $2,056 $514
8P-9P $1,607 $402 8P-9P $1,285 $321
9P-10P $1,407 $352 9P-10P $1,232 $308
10P-11P $683 $171 10P-11P $757 $189
11P-12A $367 $92 11P-12A $325 $81
24 hr $54,847 24 hr $55,164
SE Bound Traffic NW Bound Traffic

Fig. 2-31 Daily Sheet User Cost Viewsfor " 24 hr, Not Announced"

Adjustments to User Cost Adjustments to User Cost
Fraction = P/U = 33.3% Fraction = P/U = 33.3%
Cost Threshold = $100 Cost Threshold = $100
Roundoff = $100 Roundoff = $100
Period Cost View Period Cost View
Project:|US 00 Overlay (Example) Project:|US 00 Overlay (Example)
By:[R. I. Carr, 7/1/97 By:[R. I. Carr, 7/1/97
Other: Other:
Method:|No Publicity Method:|No Publicity
Traffic:] SE Lane Closed Traffic:)NW Lane Closed
Print Cost per Period Print Cost per Period
Pmﬁlm): 60 15 Pmﬁlm): 60 15
12A-1A $0 $0 12A-1A $0 $0
1A-2A $0 $0 1A-2A $0 $0
2A-3A $0 $0 2A-3A $0 $0
3A-4A $0 $0 3A-4A $0 $0
4A-5A $0 $0 4A-5A $0 $0
5A-6A $0 $0 5A-6A $0 $0
6A-7A $0 $0 6A-7A $100 $25
7A-8A $600 $150 7A-8A $800 $200
8A-9A $1,000 $250 8A-9A $2,000 $500
9A-10A $700 $175 9A-10A $1,400 $350
10A-11A $800 $200 10A-11A $800 $200
11A-12 P $1,000 $250 11A-12 P $900 $225
12P-1P $1,200 $300 12P-1P $1,300 $325
1P-2P $1,100 $275 1P-2P $1,300 $325
2P-3P $1,200 $300 2P-3P $1,300 $325
3P-4P $1,700 $425 3P-4P $1,100 $275
4P-5P $2,300 $575 4P-5P $1,600 $400
5P-6P $2,500 $625 5P-6P $2,000 $500
6P-7P $1,800 $450 6P-7P $1,600 $400
7P-8P $800 $200 7P-8P $700 $175
8P-9P $500 $125 8P-9P $400 $100
9P-10P $500 $125 9P-10P $400 $100
10P-11P $200 $50 10P-11P $300 $75
11P-12A $100 $25 11P-12A $100 $25
24 hr $18,000 24 hr $18,100
SE Bound Traffic NW Bound Traffic

Fig. 2-32 Period Cost Viewsfor " 24 hr, Not Announced"
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Project Cost View  User | Period |Detai|ed| Daily

Project:|US 00 Owerlay (Example) o - < |« | < i & S (alal|la|a|a Print
oF olo |Q|a]|la T | ]|t |w]|o
By:[R. I. Carr, 7/1/97 & < < < & < < & o o o o o
Other: o R =T R e R e T T Daily
Method:[No Publicity 5o slelalalelalalalelels
Q o E > o > > o o o o o o o
Traffic:|SE Lane Closed 25 S| |5 (2SS 123513 ]& Lane
o [ .
P/U:[33.3% Paste Values o & e 2 |2 |9 | ¥ | | Closed | Period
Hours Cost
Day [Date Lane Closure Times Fraction of Hour Lane is Closed (hr) (hr) (%)
1 6/10/98 |7A-5P 1 1 1 1 1 1 1 1 1 10.00( $11,600
2 6/11/98 |7A-5P 1 1 1 1 1 1 1 1 1 10.00| $11,600
3 6/12/98 |7A-4P 1 1 1 1 1 1 1 1 1 9.00( $9,300
4 6/15/98 |7:30A-5:45P 05] 1 1 1 1 1 1 1 1 1 ]10.75 10.25( $13,175
5 6/16/98 |7A-8:15A, 11:30A-5:15P 1 10.25 05| 1 1 1 1 1 ]10.25 7.00| $9,475
6 6/17/98 |7A-4:30P 1 1 1 1 1 1 1 1105 8.50 $9,850
Total Periods (hr)] 4.5 ]|5.25[ 5 5|55 6 6 6 6 145] 1 54.75| $65,000
Totals sz.|8(8|8/8(8/8/8|8|8 |88
Print | g8@|r |||l |e|a[S|2|w $65,000
= O o To) ™ <t To) N~ [¢e) N~ pr] pr} o
A |lo ||l |l |o|la|le |3 | 3|6

Fig. 2-33 Project Cost View for " 24 hr, Not Announced", SE Bound Traffic

Project Cost View  User | Period |Detai|ed| Daily

Project:|US 00 Owerlay (Example) o - < |<|Z i & S la|a|a|a|a Print
o= o lo |Q|a]|la T | ]| |w]|o
By:|R. |. Carr, 7/1/97 go <|<|c|<|< & alalalala
Other: O R ST R e R T i T Daily
Method:[No Publicity =
2zc|gls|gls|slglglelslgls
Traffic:| NW Lane Closed g |8 ||l |12 123|313 Lane
Q q .
P/U:|33.3% Paste Values o M SACP|® [P | ¥ | Closed | Period
Hours Cost
Day [Date Lane Closure Times Fraction of Hour Lane is Closed (hr) (hr) (%)
7 6/22/98 |10A-4:45 1 1 1 1 1 1 ]10.75 6.75| $7,900
8 6/23/98 |7A-5P 1 1 1 1 1 1 1 1 1 1 10.00{ $12,500
9 6/24/98 |7A-4:45P 1 1 1 1 1 1 1 1 1 ]10.75 9.75( $12,100
10 6/25/98 |7:15A-4:30P 0.75] 1 1 1 1 1 1 1 1105 9.25( $11,500
11 6/30/98 |9A-3:30P 1 1 1 1 1 1105 6.50| $7,550
12 7/1/98 7A-3P 1 1 1 1 1 1 1 1 8.00( $9,800
13 7/2/98 9A-2:30P 1 1 1 1 1105 5.50( $6,350
Total Periods (hr)| 3.75] 4 6 7 7 7 7 165]145]| 3 55.75( $67,700
Total ss~ol|l8|8|8|8|8|8|83 (3|3
otals Print | fgg|8 (8|S |88 |3[2|%|8 |8 $67,700
= O () 9] 9] 7o) © o o 9] < < ’
A |lea |6 | |6 |6 | |a |a | e

Fig. 2-34 Project Cost View for " 24 hr, Not Announced”, NW Bound Traffic
2.4.2.4 Contract Special Provisions

2.4.2.4.1 Introduction

We will now consider various forms of contract Special Provisions for performing the
work in the standard method with no publicity program, in which the contractor closes alane as
needed. We will assume that we have completed competitive bidding, and the HiWay Construc-
tion Company (afictitious company) was low bidder. We assume HiWay’s bid price under the
Standard Case with no special provisions related to period cost would be $500,000, by coinci-
dence the same project cost estimated in Sec. 2.2.5.2.2. In the following sections, we will con-
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sider the impact of specia provisions based on the lane-closure period cost in Fig. 2-24, on Hi-
Way’ s bid and on the actual contract amount.

2.4.2.4.2 Contract Period Costs

As an example of asmple set of contract terms and period cost calculations, we will first
consider construction during daytime hours with no public announcements of the particular days
or hours that lanes will be closed. The contractor is permitted to close alane and work anytime
between 7A and 8P. The user cost values for such lane closures are shown in Fig. 2-17 and Fig. 2-
18, for lane closures that are not announced. We selected contract period cost = (P/U) * (user
cost) = 0.333 * (user cost), rounded-off to hundreds, with a cost threshold = $100, as shown in
Fig. 2-24. These contract period cost values are shown in Fig. 2-35. These are the same values
shown in Fig. 2-24, except Fig. 2-35 has no period cost shown for 12A-7A, because they would
have been below the cost threshold = $100.

Lane Closure Period Costs

Project:]US 00 Overlay (Example)
By:|R. I. Carr, 7/1/97
Other:
Method:[No Publicity
Traffic:|Lane Closed

Cost per Period

Period (min): 60 15
7A-8A $700 $175
8A-9A $1,500 $375
9A-10A $1,000 $250
10A-11A $800 $200
11A-12P $1,000 $250
12P-1P $1,300 $325
1P-2P $1,200 $300
2P-3P $1,200 $300
3P-4P $1,500 $375
4P-5P $2,000 $500
5P-6P $2,300 $575
6P-7P $1,700 $425
7P-8P $800 $200
8P-9P $500 $125
9P-10P $400 $100
10P-11P $200 $50
11P-12A $100 $25

Total $18,200

Fig. 2-35 Contract Period Costs for Unannounced L ane Closures.

2.4.2.4.3 Contract Types

2.4.2.4.3.1 Introduction

When we consider user cost or period cost, the critical contract duration is not total con-
tract time but lane-closed time. We must select type of contract and contract provisions that de-
liver acceptable patterns of lane-closed time. Three common contract types provide needed flexi-
bility: “incentive / disincentive” (1/D) contracts, “rent-a-lane” (RL) contracts, and “A and B”
(A+B) contracts. In the example below, we see that they are quantitatively equivalent.

2.4.2.4.3.2 Incentive / Disincentive (I/D) Contracts

Thetraffic control method we use as a basdline for this daytime work is*7A-5P". Esti-
mated lane-closed days = 12 days provides a good contract duration base line for contract incen-
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tives and disincentives. Daily period cost for 7A-5P Unannounced Lane Closure = the sum of pe-
riod cost for 7A-5P in Fig. 2-35 = $12,200 / day. For contract duration = 12 days, estimated
project period cost = (12 days) * ($12,200 / day) = $146,400. Therefore, we set contract pe-
riod cost = $146,400. Actual project lane closure data will be recorded during construction and
multiplied by the appropriate period cost values shown in the lane closure period cost table of Fig.
2-35 to determine actual period cost. At contract completion, actual contract amount will be de-
creased or increased by the amount by which actual project period cost is less than or greater than
contract period cost = $146,400.

Let’s assume the winning contractor, HiWay, reviewed the period cost provisionsin Fig.
2-35, and determined that $6,000 additional construction cost would reduce its lane closure time
below the Standard Case, to produce estimated period cost = $133,400, which is $13,000 below
contract period cost = $146,400, which will earn a $13,000 incentive. Bidding competitively, Hi-
Way changes its bid to earn the same profit as without the incentive provision. Therefore, it re-
duces its bid from $500,000 to 500,000 — (13,000 — 6,000) = 500,000 — 7,000 = $493,000.

Fig. 2-28 shows actua project lane closures for HiWay, in which the first lane-closure was
on June 8, 1998, and the last was on June 26, 1998, 14 days later. HiWay closed alane 7A-5P
some days, but lane-closure varied from day to day to fit the work needs, as HiWay selected lane-
closure periods with one eye on the contract period cost. Total lane-closure = 110.5 hr on 13
days, with actual period cost = $133,300. Thus, the contract amount would be increased by
146,400 — 133,300 = $13,100 which produces contract cost = 493,000 + 13,100 = $506,100.
Therefore, the actual contract cost with the I/D provision is 506,100 — 500,000 = $6,100 more
than without the I/D provision.

Fig. 2-23 shows calculation of actual user cost = $396,130 for the project lane closure
times shown in Fig. 2-28. Thisis a savings of about $44,000 from the estimated user cost =
$440,114 shown in Fig. 2-8. Thus, for this example, the Department would achieve estimated
user cost savings = $44,000 at a cost of $6,100. As an alternative to Fig. 2-23, pg. 2-45, we can
easily estimate user cost = (period cost) * (P/U) = 133,300/ 0.333 = 3 * 133,300 = $399,900.
This differs from $396,130 due to round-off in period cost values.

2.4.2.4.3.3 Rent-A-Lane (RL) Contracts

RL contract provisions, which are aso caled lane rental provisions, parallel 1/D provi-
sions, and the calculations of Sec. 2.4.2.4.3.2 for 1/D provisions are applicable to lane rental pro-
visions. The Department sets atarget lane rental = $130,000, alittle lower than its estimated
lane-closure cost = $146,400 based on Fig. 2-35.

Under a RL provision with period cost shown in Fig. 2-35, the contractor, HiWay, de-
scribed in Sec. 2.4.2.4.1 bids its Standard Case contract amount plus its additional costs to lower
its lane closure cost plus its estimated lane rental fee. The period cost values for the lane rental
provision are the same as for the I/D provision, so HiWay would see the same incentive to reduce
lane closures with lane rental it would see with I/D, and HiWay would select the same lane clo-
sure plan. HiWay'’s lane-closure plan developed for I/D has an estimated lanerental fee =
133,400 — 130,000 = $3,400. Therefore, with the RL provision Hiway’s bid = 500,000 + 6,000 +
3,400 = $509,400, at which HiWay expects to earn contract cost = 509,400 — 3,400 = $506,000,
the same as with an I/D provision.
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HiWay' s $506,000 bid wins, actual lane closure is as shown in Fig. 2-28, HiWay pays lane
rental = 133,300 — 130,000 = $3,300, for actual contract cost = 509,400 — 3,300 = $506,100,
just aswith I/D. The Department pays $6,100 more than for the Standard Case, producing user
cost savings = $44,000, the same as with I/D.

If the Department setstar get lane rental = $146,400, al (RL) values would be identical
to the I/D example. Conversdly, if the lane rental feeis zer o-budget based, the tar get rental fee
=0, for which HiWay’s bid = 500,000 + 6,000 + 133,400 = $639,400, for which HiWay expects
to earn estimated contract cost = $506,000, asin the other cases.

2.4.2.4.3.4 A plus B (A+B) Contracts

The normal form of A+B contract provisions requires each contractor to bid a contract
amount (A = bid amount) and to bid a contract duration (the bid duration). B = (bid duration) *
(daily period cost specified by the Department), and the contractor’s bid = A + B. The contractor
whose bid is the lowest is awarded the contract.

Lane-closed costs are easily accommodated, by having each contractor bid both A = bid
amount and B = project period cost. B is based on a period cost table specified by the Department
in the bid documents. Each contractor’ sbid = A + B.

A+B contract provisions parallel I/D and RL provisions, and the calculations of both Sec.
2.4.2.4.3.2for I/D and Sec. 2.4.2.4.3.3 for RL are applicable to A+B provisions. For A+B provi-
sions, the Department includes Fig. 2-35 in its bid documents to specify period cost. Estimated
project period cost = $146,400, as calculated for I/D in Sec. 2.4.2.4.3.2.

HiWay bids its Standard Case contract amount plus its additional coststo lower itslane
closure cost. The period cost values for the A+B provision are the same as for the I/D and RL
provisions, so HiWay would see the same incentive to reduce lane closures with A+B it would see
with I/D and RL, and HiWay would select the same lane closure plan. Therefore, with the A+B
provison Hiway bids A = 500,000 + 6,000 = $506,000, expecting to earn estimated contr act
cost = $506,000, the same as with an I/D provision or an RL provision. HiWay's lane closure plan
is the same as would be developed for 1/D, with bid B = 133,400 — 130,000 = $3,400. HiWay's
total bid = A + B = 506,000 + 3,400 = $509,400, the same as for an RL provision, which com-
petes with other contractors' bids.

HiWay' s $509,400 bid wins, actual lane closureis as shown in Fig. 2-28, actual period
cost = 133,300 — 130,000 = $3,300, and contract cost = 506,000 — (3,400 — 3,300) = $506,100,
just aswith I/D and RL. The Department pays $6,100 more than for the Standard Case, produc-
ing user cost savings = $44,000, the same as with I/D and RL.

2.4.3 MULTIPLE METHODS: CLOSURES ARE ANNOUNCED

2.4.3.1 Introduction

The Impact Sheet in Fig. 2-8 on Pg. 2-16 showed that announcing lane closuresin ad-
vance, called method “ 7A-5P, Publicity” would save about $130,000 in user cost when compared
to “7A-5P" with no such announcements. We estimated the publicity program would cost the De-
partment $16,000. Therefore, a properly implemented publicity program costing the Department
$16,000 is expected to provide user cost benefit = $130,000. This can be implemented contrac-
tually using any of three common types of contract provisions. “incentive / disincentive” (1/D)
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contracts, “rent-a-lane” (RL) contracts, and “A and B” (A+B) contracts. In parallel with Sec.
2.4.2.3.7, we show each of these in the example below. The example demonstrates that the three
contract types are quantitatively equivaent.

2.4.3.2 Alternative Scenarios for each Time Period

User and period costs, with a program of public announcements, includes four alternative
scenarios for each time period:

1. Costif alane closure is announced for the period and alaneis closed during the period.
We call this Announced, Lane Closed = AC.

2. Cost if alane closureis announced for the period but no lane is closed during the period.
We call this Announced, Lane Not Closed = AN.

3. Cost if no lane closure is announced for the period but alane is closed during the period.
We call thisNot Announced, Lane Closed = NC.

4. Cost if no lane closure is announced for the period and no lane is closed during the period.

Daytime construction without publicity, as described in Sec. 2.4.2.3.7, has only the last
two alternatives. Contract period cost for Alternative 3 = NC is shown in Fig. 2-35, and contract
period cost for Alternative 4 is zero. User and period costs for construction with a publicity pro-
gram is more complex, because there are four alternative scenarios for each time period, not two.
For example, Fig. 2-45 in on Pg. 2-69 shows actual lane-closed hours on US 00 Overlay by Hi-
Way, in which the background is gray for announced lane closure. Day 5, 16 June 1998, has all
four scenarios:

1. Announced, Lane Closed = AC: 7A-8A, 15 min of 8A-9A, 30 min of 11A-12P, and 12P-
5P.
2. Announced, Lane Not Closed = AN: 45 min of 8A-9A and 30 min of 11A-12P.

3. Not Announced, Lane Closed = NC: 15 min of 5P-6P.
4. No lane closure announced or implemented: the remainder of 12A-12A.

2.4.3.3 Computer Calculation of User and Period Costs

2.4.3.3.1 Traffic Sheet Calculations

Calculations are a little more complicated when we combine alternative scenarios. For ex-
ample, extending a lane closure beyond what was announced combines three scenarios in the same
day. If lane closure is announced to be 7A-5P, and actual lane closure is 7A-7P, we have the fol-
lowing scenarios:

Announced, Lane Closed = AC from 7A-5P
Not Announced, Lane Closed = NC from 5P-7P
No lane closure announced nor is lane closed from 12A-7A and 7P-12A.

Traffic Sheet calculations for this condition are shown in the left column of Method 4 of
Fig. 2-12, Pg. 2-31, labeled “ 7A-5P A; 5P-7P NA” (indicating laneis closed 7A-5P, Announced,
and 5P-7P, Not Announced) at the top and “5P closed” near the bottom.

This 12 hour workday is a combination of Announced and Not Announced lane-closed pe-
riods, which have the same capacity = 1400 VPH but which differ in Decrease to Demand input.
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We represent the two sets of input using both threshold and range input, with a dlight but insig-
nificant difference in capacity. We (arbitrarily) represent Announced lane-closed periods 7A-5P
with capacity = 1400 VPH and Not Announced |ane-closed period 5P-7P with capacity = 1399
VPH. Therefore, in Decrease to Demand we input Announced values under threshold capacity =
1400 VPH and we input Not Announced values under range capacity = 1399 VPH. Likewise, in
Period Input we enter Announced lane-closed periods 7A-5P capacity = 1400 VPH, and Not An-
nounced lane-closed period 5P-7P capacity = 1399 VPH. We click the “calculate’ button and the
computer calculates total user cost = $37,053. To calculate the impact of the 5P-7P lane closure,
we calculate the total user cost = $25,936 when the lane is open 5P-7P (the right column of
Method 4). Therefore, keeping the lane closed from 5P to 7P beyond the Announced lane-closed
periods costs 37,053 — 25,936 = $11,117.

The Traffic Sheet will not compute user cost for a case with three cost scenarios, as de-
scribed in Sec. 2.4.3.2, because the threshold capacity and range capacity only accommodate two
cost scenarios. For example, we can calculate the user cost for June 16, 1998 using manual meth-
ods only, because it contains al three cost scenarios.

2.4.3.3.2 User and Period Costs for Announced, Lane Closed = AC

2.4.3.3.2.1 User Cost

We can calculate user cost for announced lane closures in the same way we did for unan-
nounced lane closuresin Sec. 2.4.2.2, Pg. 2-29. In the Summary View for Average Demand, Fig.
2-12, Pg. 2-31, the right column of Method 2 shows average 7A-5P user cost = $25,936 for “24
hr, Announced” lane closure, with no backups. Fig. 2-36 is the Traffic Sheet User Cost View for
“24 hr, Announced.” Fig. 2-37 isthe Daily Sheet User Cost View, for Announced, Lane Closed =
AC, which shows the hourly user costs when alane closure has been properly announced. These
hourly user cost values were Paste Valued from the user cost column of Fig. 2-36. Fig. 2-38 isthe
Detailed Cost View that shows user cost for Announced, Lane Closed = AC, calculated by the
Daily Sheet from the input in the User Cost View.
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User Cost View

period length (min) 60 PROJECT INFORMATION REPORT INFORMATION
annual traffic growth (%) 0 PROJECT |US 00 Overlay REPORT |DETAILED USER COST REPORT
years of growth 2 TITLE |Example Problem TITLE |TRAFFIC SHEET
VEHICLE INPUT cars trucks C.S. 90000 DIVISION
design demand (%)| 90.0% 10.0% JOB # 00000 REPORT BY R. . Carr
user cost per hour ($/V hr)] $10.79 $10.79 START DATE 6/00/98 REPORT DATE 1/2/97
user cost per mile, ($/V mi)] $0.30 $1.00 NOTES:
user cost per cancellation, ($/V)| $1.00 $2.00
METHOD INPUT METHOD 1 SUMMARY OUTPUT
method title 24 hr, Not 24 hr, Not
Announced traffic method Announced
DISTANCE AND SPEED (mi) (mph)] distance speed direction Avg
work zone method travel 2 see delay total user cost $54,983
normal travel 2 65 user cost of delays $42,642
diversion method travel 12 50 user cost of decreases $12,341
normal travel 10 65 maximum backup (V) 260
SPEED DELAY threshold | range maximum backup length (lane mi) 1.5
capacity for speed delay (V/period) 1400 maximum delay (min.) 21.3
speed (when D~0) (mph) 45 average delay (min) 105
speed (when D=C) (mph) 10 total delay, except diversions (V hr) 3,952
DECREASE TO DEMAND threshold | range total vehicles canceled(V) 4,671
capacity for decreases to design demand (V/period) 1400 total vehicles diverted (V) 4,850
canceled cars (with no delay) (%) 5.0% total decrease in demand (V) 9,521
canceled trucks (with no delay) (%) % decrease in demand 29.7%
canceled cars (with delay) (%/min) 1.0% delay per diverted vehicle (min) 5.2
canceled trucks (with delay) (%/min) total diversion delay (V hr) 418
diverted cars (with no delay) (%) 5.0% average delay, including diversions (min) 9.6
diverted trucks (with no delay) (%) total delay, including diversions (V hr) 4,370
diverted cars (with delay) (%/min) 1.0% user cost / design demand $1.71
diverted trucks (with delay) (%/min) 0.5% delay cost / actual demand $1.89
OTHER USER COST INPUT cars trucks
other user cost per vehicle ($/V)|| $0.00 $0.00
user cost per diversion ($/V)|]| $1.53 $2.93
User Cost|Go To: Summary j Overall j Traffic :I User Cost:|Combined:| Print: This View Summary‘ Overall | All | Setup |
Direction:  Avg backup at start (V) 0 decrease | decrease delay delay decrease| delay user user cost
period | capacity actual cancel divert cost cost cost cost cost cost cost / total
demand costs costs cars trucks cars trucks vehicles
(hr) | (V/period) | (V/period) ($) ($) ($) ($) ($) ($) ($) ($) ($) ($1V)
12 A 1400 413 $28 $44 $71 $1 $108 $14 $72 $121 $193 $0.41
1A 1400 261 $16 $25 $41 $0 $48 $6 $42 $54 $95 $0.32
2A 1400 171 $10 $16 $26 $0 $26 $3 $26 $29 $56 $0.29
3A 1400 96 $6 $9 $14 $0 $13 $2 $14 $15 $29 $0.27
4A 1400 102 $6 $9 $15 $0 $14 $2 $15 $16 $32 $0.27
5A 1400 140 $8 $13 $21 $0 $20 $3 $21 $23 $44 $0.28
6A 1400 476 $34 $53 $86 $2 $144 $18 $87 $163 $250 $0.46
7A 1400 1,192 $175 $286 $444 $17 $1,423 $203 $461 $1,627 $2,088 $1.35
8A 1400 1,528 $366 $603 $926 $43 $3,047 $493 $969 $3,540 $4,509 $1.98
9A 1400 1,196 $240 $395 $608 $27 $2,022 $311 $635 $2,332 $2,967 $1.76
10A 1400 1,239 $193 $314 $488 $19 $1,583 $229 $507 $1,811 $2,319 $1.42
11A 1400 1,341 $236 $386 $597 $25 $1,971 $293 $622 $2,264 $2,885 $1.58
2P 1400 1,463 $308 $506 $779 $35 $2,587 $403 $814 $2,991 $3,804 $1.82
1P 1400 1,353 $297 $489 $752 $34 $2,493 $393 $786 $2,886 $3,672 $1.87
2P 1400 1,431 $302 $496 $764 $34 $2,536 $395 $798 $2,931 $3,729 $1.82
3P 1400 1,445 $354 $584 $897 $42 $2,942 $480 $939 $3,421 $4,360 $2.01
4P 1400 1,520 $495 $819 $1,253 $62 $3,876 $698 $1,315 $4,574 $5,889 $2.33
5P 1400 1,447 $616 $1,023 $1,558 $80 $4,392 $887 $1,638 $5,279 $6,917 $2.56
6P 1400 1,230 $429 $711 $1,086 $54 $3,292 $609 $1,140 $3,901 $5,042 $2.39
7P 1400 1,138 $188 $306 $475 $19 $1,557 $228 $494 $1,785 $2,279 $1.50
8P 1400 1,037 $128 $206 $323 $11 $973 $134 $334 $1,108 $1,442 $1.11
9P 1400 1,002 $118 $191 $300 $10 $887 $122 $310 $1,008 $1,318 $1.06
10P 1400 784 $73 $117 $186 $5 $467 $62 $191 $529 $719 $0.77
11P 1400 563 $43 $68 $108 $2 $208 $27 $110 $235 $346 $0.53
TOT 33600 22,568 $4,671 $7,670 $11,816 $525 $36,628 $6,015 $12,341 | $42,642 $54,983 $1.71
MAX 1400 1,528 $616 $1,023 $1,558 $80 $4,392 $887 $1,638 $5,279 $6,917 $2.56
MIN 1400 96 $6 $9 $14 $0 $13 $2 $14 $15 $29 $0.27

Fig. 2-36 User Cost View for " 24 hr, Announced"
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User Cost View Paste Values

Project:|US 00 Overlay (Example)
By:|R. I. Carr, 7/3/97
Other:
Method:|Publicity
Traffic:|Lane Closed, Announced
Print | User Cost per Period
Period (min): 60 15
12A-1A $187 $47
1A-2A $83 $21
2A-3A $45 $11
3A-4A $23 $6
4A-5A $25 $6
5A-6A $35 $9
6A-7A $247 $62
7A-8A $1,766 $442
8A-9A $3,176 $794
9A-10A $2,029 $507
10A-11A $1,923 $481
11A-12P $2,291 $573
12P-1P $2,819 $705
1P-2P $2,562 $641
2P-3P $2,733 $683
3P-4P $2,970 $742
4P-5P $3,668 $917
5P-6P $3,993 $998
6P-7P $2,850 $713
7P-8P $1,711 $428
8P-9P $1,307 $327
9P-10P $1,212 $303
10P-11P $710 $178
11P-12A $348 $87
24 hr $38,711

Fig. 2-37 Daily Sheet User Cost View for Announced, Lane Closed = AC
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User Cost Period Cost | Daily Cost Project Cost |

Detailed Cost View Print Print w/ Examples |
Project:] US 00 Overlay (Example) | Method: Publicity
By: R. I. Carr, 7/3/97 Traffic:pne Closed, Announc
Other: P/U: 100%
Cost per Period
Period (min): 60 15 30 45
Time of Day Period Sum
12A-1A $187 $187 $47 $93 $140
1A-2A $83 $270 $21 $42 $62
2A-3A $45 $315 $11 $23 $34
3A-4A $23 $338 $6 $11 $17
4A-5A $25 $363 $6 $12 $18
5A-6A $35 $398 $9 $18 $26
6A-7A $247 $645 $62 $124 $185
7A-8A $1,766 $2,411 $442 $883 $1,325
8A-9A $3,176 $5,587 $794 $1,588 | $2,382
9A-10A $2,029 $7,616 $507 $1,014 | $1,522
10A-11A $1,923 $9,538 $481 $961 $1,442
11A-12P $2,291 $11,830 $573 $1,146 | $1,718
12P-1P $2,819 $14,649 $705 $1,409 | $2,114
1P-2P $2,562 $17,211 $641 $1,281 | $1,922
2P-3P $2,733 $19,943 $683 $1,366 | $2,050
3P-4P $2,970 $22,913 $742 $1,485 | $2,227
4P-5P $3,668 $26,580 $917 $1,834 | $2,751
5P-6P $3,993 $30,573 $998 $1,996 | $2,994
6P-7P $2,850 $33,423 $713 $1,425 | $2,138
7P-8P $1,711 $35,134 $428 $855 $1,283
8P-9P $1,307 $36,441 $327 $653 $980
9P-10P $1,212 $37,653 $303 $606 $909
10P-11P $710 $38,363 $178 $355 $533
11P-12A $348 $38,711 $87 $174 $261
24 hr $38,711
Examples
1:00P to 2:00P = 2,562 1:15P to 2:00P = 1,922
1:00P to 3:00P: 7:00A to 5:00P:
1:00P to 2:00P = 2,562 12:00Ato 5:00P = 26,580
2:00P to 3:00P = 2,733 -12:00A to 7:00A = -645
5,295 25,936
1:15P to 2:15P: 6:45A to 5:30P:
1:15P to 2:00P = 1,922 7:00A to 5:00P = 25,936
2:00P to 2:15P = 683  6:45A to 7:00A = 62
2,605  5:00P to 5:30P = 1,996

27,993

Fig. 2-38 Detailed Cost View for Announced, Lane Closed = AC
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2.4.3.3.2.2 Period Costs

Period costs are calculated as described in Sec. 2.4.2.3. Fig. 2-39 shows the Daily Sheet
Period Cost View, which calculates the Announced, Lane Closed = AC period costs from the
hourly user costs of Fig. 2-37. We have entered P/U = 33.3%, cost threshold = round-off = $100,
aswe did for “Lane Closed, Not Announced” in Fig. 2-24 in Sec. 2.4.2.3.3. Fig. 2-40 isthe De-
tailed Cost View that paralels the Period Cost View of Fig. 2-39. Fig. 2-41 shows a Lane-
Closure Period Costs table, in which we have reformatted values of Fig. 2-39 in aformat that is
suitable for contract Specia Provisions, without listing hours whose period cost = 0.

Adjustments to User Cost

Fraction = P/U = 33.3%
Cost Threshold = $100.0
Roundoff = $100
Period Cost View
Project:] US 00 Overlay (Example)
By: R. |. Carr, 7/3/97
Other:
Method: Publicity
Traffic] Lane Closed, Announced
Print I Cost per Period
Period (min): 60 15
12A-1A $0 $0
1A-2A $0 $0
2A-3A $0 $0
3A-4A $0 $0
4A-5A $0 $0
5A-6A $0 $0
6A-7A $0 $0
7A-8A $600 $150
8A-9A $1,100 $275
9A-10A $700 $175
10A-11A $600 $150
11A-12 P $800 $200
12P-1P $900 $225
1P-2P $900 $225
2P-3P $900 $225
3P-4P $1,000 $250
4P-5P $1,200 $300
5P-6P $1,300 $325
6P-7P $900 $225
7P-8P $600 $150
8P-9P $400 $100
9P-10P $400 $100
10P-11P $200 $50
11P-12A $100 $25
24 hr $12,600

Fig. 2-39 Period Cost View for Announced, Lane Closed = AC
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User Cost Period Cost | Daily Cost Project Cost |

Detailed Cost View Print Print w/ Examples |
Project:] US 00 Owerlay (Example) | Method: Publicity
By: R. I. Carr, 7/3/97 Traffic:lne Closed, Announc
Other: P/U: 33%
Cost per Period
Period (min): 60 15 30 45
Time of Day Period Sum
12A-1A $0 $0 $0 $0 $0
1A-2A $0 $0 $0 $0 $0
2A-3A $0 $0 $0 $0 $0
3A-4A $0 $0 $0 $0 $0
4A-5A $0 $0 $0 $0 $0
5A-6A $0 $0 $0 $0 $0
6A-7A $0 $0 $0 $0 $0
7A-8A $600 $600 $150 $300 $450
8A-9A $1,100 $1,700 $275 $550 $825
9A-10A $700 $2,400 $175 $350 $525
10A-11A $600 $3,000 $150 $300 $450
11A-12P $800 $3,800 $200 $400 $600
12P-1P $900 $4,700 $225 $450 $675
1P-2P $900 $5,600 $225 $450 $675
2P-3P $900 $6,500 $225 $450 $675
3P-4P $1,000 $7,500 $250 $500 $750
4P-5P $1,200 $8,700 $300 $600 $900
5P-6P $1,300 $10,000 $325 $650 $975
6P-7P $900 $10,900 $225 $450 $675
7P-8P $600 $11,500 $150 $300 $450
8P-9P $400 $11,900 $100 $200 $300
9P-10P $400 $12,300 $100 $200 $300
10P-11P $200 $12,500 $50 $100 $150
11P-12A $100 $12,600 $25 $50 $75
24 hr $12,600
Examples
1:00P to 2:00P = 900  1:15P to 2:00P = 675
1:00P to 3:00P: 7:00A to 5:00P:
1:00P to 2:00P = 900 12:00A to 5:00P = 8,700
2:00P to 3:00P = 900 -12:00A to 7:00A = 0
1,800 8,700
1:15P to 2:15P: 6:45A to 5:30P:
1:15P to 2:00P = 675  7:00A to 5:00P = 8,700
2:00P to 2:15P = 225  6:45A to 7:00A = 0
900  5:00P to 5:30P = 650

9,350

Fig. 2-40 Detailed Cost View for Announced, Lane Closed = AC
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Lane Closure Period Costs

Lane Closure:]JAnnounced, Lane Closed = AC
Cost per Period
Period (min): 60 15
7A-8A $600 $150
8A-9A $1,100 $275
9A-10A $700 $175
10A-11A $600 $150
11A-12P $800 $200
12P-1P $900 $225
1P-2P $900 $225
2P-3P $900 $225
3P-4P $1,000 $250
4P-5P $1,200 $300
5P-6P $1,300 $325
6P-7P $900 $225
7P-8P $600 $150
8P-9P $400 $100
9P-10P $400 $100
10P-11P $200 $50
11P-12A $100 $25
Total $12,600

Fig. 2-41 Period Costsfor Announced, Lane Closed = AC

2.4.3.3.3 User and Period Costs for Announced, Lane Not Closed = AN

Asnoted in Sec. 2.4.3.2, pg. 2-58, periods for which closure was announced but did not
occur can have user costs. When alane is not closed, there is no backup delay or speed delay.
However, there is decrease delay if vehicles cancel or divert their trips, because they have been
incorrectly informed that alane will be closed and delays will occur. Therefore, the decr ease cost
for each period in Fig. 2-36 estimates the user cost for announcing alane will be closed when it is
not actually closed. From Fig. 2-36 we have Paste Valued into Fig. 2-42 the user cost values for a
lane-closure that is Announced, Lane Not Closed = AN. We enter the input values into the Period
Cost View (not shown) that we entered in Fig. 2-37 and calculated the period costs shown in Fig.
2-42 for Announced, Lane Not Closed = AN, in parallel with Fig. 2-41 for Announced, Lane
Closed = AC.
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User Cost View Paste Values

Project:|US 00 Overlay (Example)
By:|R. I. Carr, 7/1/97
Other:
Method:|Publicity
Traffic:)Announced, Not Closed
Print | User Cost per Period
Period (min): 60 15
12A-1A $58 $14
1A-2A $25 $6
2A-3A $14 $3
3A-4A $7 $2
4A-5A $7 $2
5A-6A $11 $3
6A-7A $77 $19
7A-8A $667 $167
8A-9A $1,363 $341
9A-10A $786 $197
10A-11A $738 $184
11A-12P $910 $228
12P-1P $1,174 $293
1P-2P $1,043 $261
2P-3P $1,129 $282
3P-4P $1,253 $313
4P-5P $1,635 $409
5P-6P $1,822 $455
6P-7P $1,190 $298
7P-8P $643 $161
8P-9P $471 $118
9P-10P $433 $108
10P-11P $239 $60
11P-12A $111 $28
24 hr $15,806

Fig. 2-42 User Cost for Announced, Lane Not Closed = AN.

Lane Closure Period Costs

Lane Closure:]Announced, Lane Not Closed = AN
Cost per Period

Period (min): 60 15
7A-8A $200 $50
8A-9A $500 $125
9A-10A $300 $75
10A-11A $200 $50
11A-12P $300 $75
12P-1P $400 $100
1P-2P $300 $75
2P-3P $400 $100
3P-4P $400 $100
4P-5P $500 $125
5P-6P $600 $150
6P-7P $400 $100
7P-8P $200 $50
8P-9P $200 $50
9P-10P $100 $25

Total $5,000

Fig. 2-43 Period Costsfor Announced, Lane Not Closed = AN.
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2.4.3.3.4 User and Period Costs for Not Announced, Lane Closed = NC

User costs and period costs for Not Announced, Lane Closed = NC were calculated and
described detail in Sec. 2.4.2. Fig. 2-44 shows these period costs, in the same format as Fig. 2-42
and Fig. 2-41. Together, these three tables show the period costs for al possible scenarios for
each period of time.

Lane Closure Period Costs

Lane Closure:|Not Announced, Lane Closed = NQ
Cost per Period
Period (min): 60 15
7A-8A $700 $175
8A-9A $1,500 $375
9A-10A $1,000 $250
10A-11A $800 $200
11A-12P $1,000 $250
12P-1P $1,300 $325
1P-2P $1,200 $300
2P-3P $1,200 $300
3P-4P $1,500 $375
4P-5P $2,000 $500
5P-6P $2,300 $575
6P-7P $1,700 $425
7P-8P $800 $200
8P-9P $500 $125
9P-10P $400 $100
10P-11P $200 $50
11P-12A $100 $25
Total $18,200

Fig. 2-44 Period Costsfor Not Announced, Lane Closed = NC

2.4.3.4 Manual Calculations

2.4.3.4.1 Equations

Estimates of user costs or period costs from a combination of methods can be calculated
manually, by summing the applicable user costs or period cost of the periods. Calculations use a
variation of Eq. (24), in which method a is used for periodsi to j and method b for periodsj+1 to
m.

(cost) = (cost)(

itom ™ ),a + (COSt)( (34)

itoj j+ltom),b
More generally, to calculate (cost); »m = user cost or period cost for periods from j to m, where

(cost)ik = cost for period i using method k, where k = actual method used,
(cost) 1o = @ (costy, (35)

i=jtom

2.4.3.4.2 User Cost

We can use these equations to calculate user cost for 7A-5P Announced + 5P-7P Not An-
nounced, in which method AC is used for 7A-5P Announced, and method NC is used for 5P-7P
Not Announced. We calculate 7A-7P user cost = (7A-5P user cost = $25,936 from Fig. 2-38) +
(5P-7P user cost = 6,917 + 5,042 = $11,959 from Fig. 2-17) = $37,895. Thisis $842 = 2% above
“TA-5P A; 5P-7P NA” user cost = $37,053 computed by the Traffic Sheet and shown in the
Summary View of Fig. 2-12.

CO® User Manua September 18, 1997 Page 2-67



We noted in Sec. 2.4.3.3.1 that the CO® Traffic Sheet cannot calculate user costs for 24
hours that have more than two scenarios, such as June 16, 1998. However, we can manually using
Eq. (35), as shown below:

1. Announced, Lane-Closed = AC (from Fig. 2-38)

7TA-8A 60 min $1,766

8A-9A 15 min 794

11A-12P 30 min 1,146

12P-1P 60 min 2,819

1P-2P 60 min 2,562

2P-3P 60 min 2,733

3P-4P 60 min 2,970

4P-5P 60 min 3,668  $18,458
2. Announced, Lane Not Closed = AN (from Fig. 2-42)

8A-9A 45 min (3* 341=5) 1,023

11A-12P 30min (2* 228=) 456 1,479
3. Not Announced, Lane Closed = NC (from Fig. 2-19)

5P-6P 15 min 1,729 1,729

Total User Cost $21,666

2.4.3.4.3 Period Cost

We can calculate period costs manually the same way we calculate user cost. We substi-
tute period cost for user cost in the calculations above, to calculate 7A-7P period cost = (7A-5P
Announced period cost = $8,700 from Fig. 2-40) + (5P-7P Not Announced period cost = 2,300 +
1,700 = $4,000 from Fig. 2-44) = $12,700.

Similarly, we calculate period cost for June 16, 1988 in the following table:
1. Announced, Lane Closed = AC (from Fig. 2-40)

7TA-8A 60 min $600

8A-9A 15 min 275

11A-12P 30 min 400

12P-1P 60 min 900

1P-2P 60 min 900

2P-3P 60 min 900

3P-4P 60 min 1,000

4P-5p 60 min 1,200 $6,175
2. Announced, Lane Not Closed = AN (from Fig. 2-43)

8A-9A 45 min  (3* 125=) 375

11A-12P 30min  (2* 75=5) 150 525
3. Not Announced, Lane Closed = NC (from Fig. 2-44)

5P-6P 15 min 575 575

Total Period Cost $7,275
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2.4.3.5 Actual User Cost and Period Cost

2.4.35.1 Actual Lane Closures

Asin earlier sections, we assume that HiWay Construction Company won the contract.
Fig. 2-45 shows actua project lane closures by HiWay, atotal of 13 days, with the first lane-
closure on June 10, 1998, and the last on July 2, 1998, 22 days later. Based on its work plan and
on wesather reports, HiWay announced lane-closures for 7A-5P on June 10-12, June 15-17, June
22-25, and June 30-July 1, totaling 12 days of 10 hr = 120 hr. These are shown as a shaded area
in Fig. 2-45. HiWay closed alane 7A-5P some days, but lane closure varied from day to day to fit
the work needs, as HiWay selected |ane closure periods with one eye on the contract period cost.
HiWay was stopped by weather only once, on June 22 until 10:00A. HiWay found on reaching
July 1 that it still needed a portion of a day to finish. With good weather in sight, HiWay chose to
finish July 2, though this lane closure was not announced, rather than wait until after July 4 week-
end to announce and finish the work at reduced period cost.

o - < | < <O( f. & & o |a|a|a|a
o = © o 2 — — ; N ™ < [T} ©

S |<|<|a|<|<|ala|a|c]a|a] Lane

N~ 0 o S : p — o o™ < [Te} Closed

Hours

Day |Date Lane Closure Times Fraction of Hour Lane is Closed (hr) (hr)
1 6/10/98 |[7A-5P 1 1 1 1 1 1 1 1 1 1 10.00
2 6/11/98 |[7A-5P 1 1 1 1 1 1 1 1 1 1 10.00
3 6/12/98 |[7A-4P 1 1 1 1 1 1 1 1 1 9.00
4 6/15/98 |[7:30A-5:45P 05| 1 1 1 1 1 1 1 1 1 ]0.75 10.25
5 6/16/98 |[7A-8:15A, 11:30A-5:15P 1 ]0.25 05| 1 1 1 1 1 ]0.25 7.00
6 6/17/98 |[7A-4:30P 1 1 1 1 1 1 1 1|05 8.50
7 6/22/98 [10A-4:45 1 1 1 1 1 1 [0.75 6.75
8 6/23/98 |[7A-5P 1 1 1 1 1 1 1 1 1 1 10.00
9 6/24/98 [7A-4:45P 1 1 1 1 1 1 1 1 1 [0.75 9.75
10 6/25/98 |[7:15A-4:30P 0.75| 1 1 1 1 1 1 1 1|05 9.25
11 6/30/98 [9A-3:30P 1 1 1 1 1 1]05 6.50
12 7/1/98 7A-3P 1 1 1 1 1 1 1 1 8.00
13 7/2/98 9A-2:30P 1 1 1 1 1|05 5.50
Total Periods (hr)] 8.25]9.25] 11 | 12 |12.5| 13 | 13 |12.5|10.5| 75| 1 110.50

Fig. 2-45 Actual Lane-Closed Hours and Announced L ane-Closed Hours

2.4.3.5.2 Actual Project User Cost

Actual project user cost isthe sum of AC, AN, and NC user cost. Fig. 2-46 shows actual
project AC user cost. Of the 120 hr announced, a lane was actually closed AC = 104 hr, and AC
user cost = $267,786. Fig. 2-47 shows AN user cost = $18,252 for AN = 120 — 104 = 16 hr of
lane closure that was announced but not implemented. Fig. 2-48 shows NC = 6.5 hr, primarily on
July 2, for which NC user cost = $24,429. Total project user cost = 267,786 + 18,252 + 24,429
= $310,449.
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Project Cost View ' User | Period |Detai|ed| Daily|

Project:|US 00 Overlay (Example) - <|<|<|2 Slela|la|lala|a Print
o= ® o g |~ — ARl IR ™ < | w ©
By:|R. I Carr, 7/3/97 5o |<|<|s]|<|<|efald|a]ala
~ © o o — g - o~ ™ < [Te} X
Other: B i Daily
Method: | Publicity _E
[T © © o IN] (= o N V] o © [22]
. o (RIS |8 el |8 |IR[&5]8 |8
Traffic: Lane Closed, Announced g 3 5 i ol S ol S e I b Lane
8= B | | a|le |6 || |lo |6 |6 | )
P/U:[{100.0% Paste Values g Closed | Period
Hours Cost
Day |Date Lane Closure Times Fraction of Hour Lane is Closed (hr) (hr) ($)
1 6/10/98 |7A-5P 1 1 1 1 1 1 1 1 1 1 10.00| $25,936
2 6/11/98 |7A-5P 1 1 1 1 1 1 1 1 1 1 10.00| $25,936
3 6/12/98 |7A-4P 1 1 1 1 1 1 1 1 1 9.00| $22,268
4 6/15/98 |7:30A-5:45P 0.5 1 1 1 1 1 1 1 1 1 9.50| $25,053
5 6/16/98 |7A-8:15A, 11:30A-5:15P 1 |0.25 05] 1 1 1 1 1 6.75| $18,457
6 6/17/98 |7A-4:30P 1 1 1 1 1 1 1 1105 8.50| $22,336
7 6/22/98 |10A-4:45 1 1 1 1 1 1 ]0.75 6.75| $18,048
8 6/23/98 |7A-5P 1 1 1 1 1 1 1 1 1 1 10.00| $25,936
9 6/24/98 |7A-4:45P 1 1 1 1 1 1 1 1 1 ]0.75 9.75| $25,019
10 6/25/98 |7:15A-4:30P 0.75| 1 1 1 1 1 1 1 1105 9.25| $23,660
11 6/30/98 |9A-3:30P 1 1 1 1 1 1105 6.50| $15,841
12 7/1/98 7A-3P 1 1 1 1 1 1 1 1 8.00| $19,298
13 712198 9A-2:30P 0.00 $0
Total Periods (hr){8.25(9.25| 10 | 11 |11.5] 12 | 12 | 12 [10.5| 7.5 104.00| $267,786
Total clelglz|glglelsla]s
otals : T B~
Print cSeld |3 |lsla|glals|ala]s $267,786
= O gl |l |8l |o ]|
B | ||l |6 |6 |6 |6 |e |6

Fig. 2-46 Project Cost View of User Cost for Project Duration
for Announced, Lane Closed = AC

Project Cost View | User | Period IDetaiIedl Daily

Project:|JUS 00 Overlay (Example) 5 - < < < f. &‘ o o o o | o o o Print
o= o o |S|[a | ]|T || |w |0 ]|~
By:|R. |. Carr, 7/1/97 & o < < < < < o a a a a a a
~|lo]lglolad Y]]l ]|o < |w|o© .
Other: — — Daily
Method:|Publicity -
88 s l8lg|lgla(R |2 |R|2|8|8]|8
Traffic:|Announced, Not Closed 358 |9 3 Sl5l2 SISISISISI1S|3 Lane
a <= .
P/U:[100.0% Paste Values | © & CHENC|®|®|® | | Closed | Period
Hours Cost
Day [Date Lane Closure Times Fraction of Hour Lane is Closed (hr) (hr) $)
1 6/10/98 |7A-5P 0.00 $0
2 6/11/98 |7A-5P 0.00 $0
3 6/12/98 |7A-4P 1 1.00| $1,635
4 6/15/98 |7:30A-5:45P 0.5 0.50[ $334
5 6/16/98 |7A-8:15A, 11:30A-5:15P 0.75] 1 1|05 3.25] $3,001
6 6/17/98 |7A-4:30P 1 0.5 1.50| $1,485
7 6/22/98 |10A-4:45 1 1 1 0.25 3.25| $3,225
8 6/23/98 |7A-5P 0.00 $0
9 6/24/98 |7A-4:45P 0.25 0.25[ $409
10 6/25/98 |7:15A-4:30P 0.25 0.5 0.75[ $984
11 6/30/98 |9A-3:30P 1 1 05| 1 3.50] $4,291
12 7/1/98 7A-3P 1 1 2.00] $2,888
13 7/2/98 9A-2:30P 0.00 $0
14
15
Total Periods (hr){ 3.75[{2.75 2 1|05 15|45 16.00| $18,252
— o [N «© ™ © © o ©
Totals Print | S8 X |5 |8 |8 5|8 $18,252
= O o o Tl @B S Tl I~ ’
o | e | e o | o

Fig. 2-47 Project Cost View of User Cost for Project Duration
for Announced, Lane Not Closed = AN
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Project Cost View ' User | Period |Detai|ed| Daily|

Project:|US 00 Overlay (Example) o - <|l< |22 |% e ]lalalalala Print
SE | S T T T T e e 4|
By:|R. I. Carr, 7/1/97 & ) ,i( ; ; g f. é & & % i % |
Other: s \a Daily
Method:|No Publicity 5o - | @ o ~ | o " I o o | o ~
Q0= @ o © Pl 9] o ~ IN © @ ~
Trafic|Lane Closed 255 (SIS |S|2|2I2|S|5|2]|8|8 ] Lane
P/U:|100.0% paste values | © * AN 2229 |® [P | Closed | Period
Hours Cost
Day |Date Lane Closure Times Fraction of Hour Lane is Closed (hr) (hr) ($)
1 6/10/98 |7A-5P 0.00 $0
2 6/11/98 |7A-5P 0.00 $0
3 6/12/98 |7A-4P 0.00 $0
4 6/15/98 |7:30A-5:45P 0.75 0.75| $5,188
5 6/16/98 |7A-8:15A, 11:30A-5:15P 0.25 0.25[ $1,729
6 6/17/98 |7A-4:30P 0.00 $0
7 6/22/98 |10A-4:45 0.00 $0
8 6/23/98 |7A-5P 0.00 $0
9 6/24/98 |7A-4:45P 0.00 $0
10 6/25/98 |7:15A-4:30P 0.00 $0
11 6/30/98 |9A-3:30P 0.00 $0
12 711/98 7A-3P 0.00 $0
13 712198 9A-2:30P 1 1 1 1 1105 5.50| $17,512
Total Periods (hr) 1 1 1 1 1|05 1 6.50| $24,429
j— N~ [« 0 < N <t ~
Totals Print | g gla|s|s|s|8 5| s24,420
= O 8|8 (83|8 |3 8

Fig. 2-48 Project Cost View of User Cost for Project Duration
for Not Announced, Lane Closed = NC

Project Cost View ' User | Period |Detai|ed| Daily|

Project:|US 00 Overlay (Example) o - << |<|S Slelala|ala|a Print |
oE © o S e — ‘—I' (3 ™ < [To) ©
By:|[R. I. Carr, 7/3/97 S |« |« <|l<|<|e|a|a|a]a]a
Other: N I =T = T R A R I Daily
Method: |Publicity . E
22 1s18/gs|sls|s|s(e|8|8]|8
Traffic:|Lane Closed, Announced g E 2 : 5 2 2 2 2 2 3. : : Lane
P/U:|33.3% Paste Values ©p @ # 1% | ¥ | closed | Period
Hours Cost
Day |Date Lane Closure Times Fraction of Hour Lane is Closed (hr) (hr) ($)
1 6/10/98 |7A-5P 1 1 1 1 1 1 1 1 1 1 10.00] $8,700
2 6/11/98 |7A-5P 1 1 1 1 1 1 1 1 1 1 10.00] $8,700
3 6/12/98 |7A-4P 1 1 1 1 1 1 1 1 1 9.00] $7,500
4 6/15/98 |7:30A-5:45P 05| 1 1 1 1 1 1 1 1 1 9.50| $8,400
5 6/16/98 |7A-8:15A, 11:30A-5:15P 1 |0.25 05[] 1 1 1 1 1 6.75] $6,175
6 6/17/98 |7A-4:30P 1 1 1 1 1 1 1 1105 8.50| $7,500
7 6/22/98 |10A-4:45 1 1 1 1 1 1 ]0.75 6.75] $6,000
8 6/23/98 |7A-5P 1 1 1 1 1 1 1 1 1 1 10.00| $8,700
9 6/24/98 |7A-4:45P 1 1 1 1 1 1 1 1 1 ]0.75 9.75| $8,400
10 6/25/98 |7:15A-4:30P 0.75| 1 1 1 1 1 1 1 1105 9.25| $7,950
11 6/30/98 |9A-3:30P 1 1 1 1 1 1105 6.50| $5,300
12 711/98 7A-3P 1 1 1 1 1 1 1 1 8.00| $6,500
13 712198 9A-2:30P 0.00 $0
Total Periods (hr){8.25[9.25| 10 | 11 |11.5] 12 | 12 | 12 [10.5| 7.5 104.00| $89,825
— o R lolo]l2!1818([8]|8]¢
Totals Print | SZg|8 |2 |83 |2 |2|=2|8 |88 $89,825
FOTIS |58 |8 |dlalalals

Fig. 2-49 Project Cost View of Period Cost for Project Duration
for Announced, Lane Closed = AC
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Project Cost View | User | Period IDetaiIedl Daily

Project:|US 00 Overlay (Example) o - < < g f. &, & o o o |a o o Print |
o = © o =1 — — ; ~ ™ < n © ~
By:[R. I. Carr, 7/1/97 E = < < < < < 2 (alalalalala
~lo ool (Y]] |w]|o )
Other: — — Daily
Method:|Publicity =
8o |lolo|lo|lo|lol|lo|lolololoelao]e
Traffic:|Announced, Not Closed 355 QI IKI18(18(1812121831818%¢ Lane
Sl | || |6 |6 |a |6 |6 |l |6 |6 | )
P/U:(33.3% Paste Values | © Closed | Period
Hours Cost
Day [Date Lane Closure Times Fraction of Hour Lane is Closed (hr) (hr) $)
1 6/10/98 |7A-5P 0.00 $0
2 6/11/98 |7A-5P 0.00 $0
3 6/12/98 |7A-4P 1 1.00{ $500
4 6/15/98 |7:30A-5:45P 0.5 0.50] $100
5 6/16/98 |7A-8:15A, 11:30A-5:15P 0.75] 1 1|05 3.25] $1,025
6 6/17/98 |7A-4:30P 1 0.5 1.50{ $450
7 6/22/98 |[10A-4:45 1 1 1 0.25 3.25| $1,125
8 6/23/98 |7A-5P 0.00 $0
9 6/24/98 |7A-4:45P 0.25 0.25| $125
10 6/25/98 |7:15A-4:30P 0.25 0.5 0.75] $300
11 6/30/98 |9A-3:30P 1 1 05| 1 3.50] $1,400
12 7/1/98 7A-3P 1 1 2.00] $900
13 7/2/98 9A-2:30P 0.00 $0
14
15
Total Periods (hr){ 3.75{2.75 2 1|05 15|45 16.00 $5,925
= o 0 o
Totals Print | fZe|B |5 (8|88 g|& $5,925
= O s lgdle|e|e e |y

Fig. 2-50 Project Cost View of Period Cost for Project Duration

for Announced, Lane Not Closed = AN

Project Cost View ' User | Period |Detai|ed| Daily|

Project:|US 00 Overlay (Example) o - < |« |Z <y S la|afa]a |a Print |
S E © o = — — ; o~ ™ ~ [T} ©
By:[R. I. Carr, 7/1/97 E o < | « < <|l<|alalalalala
~lo |laglola Y|~ ]|o]s |w )
Other: — — Daily
Method:|No Publicity 5 ° ° ° o | o ° o | o °
28 |8|8/s(g|8|8|8|s|8|8 |8
Traffic:|Lane Closed g E DA EEEE AR R R R Lane
~ © © © » | o © » | ¥ © i
P/U:[33.3% Paste Values | © ?_"039" Pce”otd
ours 0s
Day |Date Lane Closure Times Fraction of Hour Lane is Closed (hr) (hr) ($)
1 6/10/98 |7A-5P 0.00 $0
2 6/11/98 |7A-5P 0.00 $0
3 6/12/98 |7A-4P 0.00 $0
4 6/15/98 |7:30A-5:45P 0.75 0.75] $1,725
5 6/16/98 |7A-8:15A, 11:30A-5:15P 0.25 0.25| $575
6 6/17/98 |7A-4:30P 0.00 $0
7 6/22/98 |10A-4:45 0.00 $0
8 6/23/98 |7A-5P 0.00 $0
9 6/24/98 |7A-4:45P 0.00 $0
10 6/25/98 |7:15A-4:30P 0.00 $0
11 6/30/98 |9A-3:30P 0.00 $0
12 7/1/98 7A-3P 0.00 $0
13 712198 9A-2:30P 1 1 1 1 1105 5.50| $5,900
Total Periods (hr) 1 1 1 1 1|05 1 6.50| $8,200
Totals : R 8lael881]18 |¢g 3
Print 538 sl|g|s|a|8 |8 ® $8,200
= al® |8 |a]|s|*® @

Fig. 2-51 Project Cost View of Period Cost for Project Duration

for Not Announced, Lane Closed = NC
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2.4.3.5.3 Actual Project Period Cost

Actual project period cost isthe sum of AC, AN, and NC period cost. Fig. 2-49 shows
actual project AC periods. Of the 120 hr announced, alane was actually closed AC = 104 hr, and
AC period cost = $89,825. Fig. 2-50 shows AN period cost = $5,925 for AN = 120—-104 = 16
hr of lane closure that was announced but not implemented. Fig. 2-51 shows NC = 6.5 hr, pri-
marily on July 2, for which NC period cost = $8,200. Total project period cost = 89,825 +
5,925 + 8,200 = $103,950.

Given P/U ratio and actual project period cost, we can back-calculate actual user cost »
(project period cost) / (P/U). For P/U = 33.3% in this example, actual user cost » (103,950) /
(33.3%) = $312,162. Thisis close to $310,449 calculated directly in Sec. 2.4.3.5.2, without
round-off.

2.4.3.6 Contract Special Provisions

2.4.3.6.1 Introduction

In Sec. 2.4.2.3.7 we dealt with various forms of contract Special Provisions for perform-
ing the work in the standard method with no publicity program, in which the contractor closes a
lane as needed. We will now consider various forms of contract Special Provisions when the work
is performed during lane closures that are properly announced in a public information program.
We will assume that we have completed competitive bidding, and Hiway Construction Company
(afictitious company) was low bidder. We assume HiWay’ s bid price under the Standard Case
with no special provisions related to period cost would be $500,000, by coincidence the same
project cost estimated in Sec. 2.2.5.2.2. In the following sections, we will consider the impact of
Special Provisions based on the lane closure period costsin Fig. 2-41, Fig. 2-43, and Fig. 2-44, on
HiWay’s bid and on the actual contract amount. The three common contract types which we con-
sider provide needed flexibility are “incentive / disincentive” (1/D) contracts, “rent-a-lane” (RL)
contracts, and “A and B” (A+B) contracts. In the example below, we see that they are quantita-
tively equivaent.

2.4.3.6.2 Incentive / Disincentive (I/D) Contracts

This example of 1/D contract provisions parallels Sec. 2.4.2.4.3.2 for I/D contract provi-
sions for daytime work without publicity. The traffic control method we use as a basdline for
daytime work, with publicity, is*7A-5P, Publicity”. Estimated lane-closed days = 12 days pro-
vides a good contract duration base line for contract incentives and disincentives. From Fig. 2-41
(or Fig. 2-39 or Fig. 2-40), we calculate that 7A-5P AC period cost = $8,700.

For contractors that plan their work well, the primary reasons for a lane not being closed
when announced are either weather or not needing a full day to do what had been planned to take
afull day. We consider the first of these in setting the contract period cost for the Department.
We estimate that performing 12 days of work will require announcing 14 days of lane closure, of
which 2 days will not be implemented due to bad weather. From Fig. 2-43, we calculate that 7A-
5P AN period cost = $3,500. Therefore, we calculate estimated project period cost = 12 *
8,700 + 2 * 3,500 = 104,400 + 7,000 = $111,400. We therefore set contract period cost = esti-
mated project period cost = $111,400. Actual project lane closure data will be recorded during
construction and multiplied by the appropriate period cost values shown in the lane closure period
cost tables of Fig. 2-41, Fig. 2-43, and Fig. 2-44 to determine actual period cost. At contract
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completion, actual contract amount will be decreased or increased by the amount by which actual
project period cost is less than or greater than contract period cost = $111,400, in accord with
Eq. (27).

We will assume HiWay reviewed the period cost provisonsin Fig. 2-41, Fig. 2-43, and
Fig. 2-44. HiWay determined that $6,000 additional construction cost would (1) reduce its lane
closure timeto 11 days of 7A-5P = 10 hr and (2) alow it to announce and schedule work on days
for which good weather is predicted. Period cost for Announced, Lane Closed = AC, 7A-5P =
$8,700. HiWay predicts there is a 50% probability it will lose 1 day to bad weather. Period cost
for Announced, Lane Not Closed = AC, 7A-5P = $3,500. Therefore, its estimated period cost =
11 * 8,700 + 0.5 * 3,500 = 95,700 + 1,750 = $97,450, which is 111,400 — 97,450 = $13,950 be-
low contract period cost = $111,400. Thiswill earn a $13,950 incentive. Bidding competitively,
HiWay changesits bid to earn the same profit as without the incentive provision. Therefore, it re-
duces its bid from $500,000 to 500,000 — (13,950 — 6,000) = 500,000 — 7, 950 = $492,050. Hi-
Way expects to earn, at the end of the project, contract cost = 492,050 + 13,950 = $506,000.

We saw in Sec. 2.4.3.5.3, Pg. 2-73, that actual period cost = $103,750. Thus, the con-
tract amount would be increased by (contract period cost) — (actual period cost) = 111,400 —
103,750 = $7,650 which produces contract cost = 492,050 + 7,650 = $499,700. Therefore, the
actual contract cost that results from the 1/D provision costs the Department 499,700 — 500,000 =
$300 less than without the 1/D provision, which is not a significant difference. Thisis 97,450 —
103,750 = $6,300 less than if HiWay’'s original estimate of user cost had been correct, and Hi-
Way' s under-estimating has cost HiWay $6,300.

From Sec. 2.4.3.5.2, actual user cost = $310,449. The Impact Sheet of Fig. 2-8 showed
7A-5P, Publicity user cost = $311,091, which is not substantialy different from $311,250.
Therefore, the I/D provision itself neither cost the Department more than otherwise, nor did it
save user cost. However, the Department would have been happy for Hiway to have completed
the project within Hiway’ s original estimated period cost, which would have brought HiWay the
same profit as without the I/D provision. The Department would have paid $6,300 more, but it
would have saved the public about 6,300 / 33.3% = $18,900 in user cost. More important, how-
ever, isthat the 1/D provision implemented the 7A-5P, Publicity method, which produced user
cost savings = 440,114 — 310,449 = $129,665, or about $130,000, at no cost to the Department,
except for its $16,000 cost for the publicity program. Had HiWay’ s estimated period cost been
correct, the Department would have paid about $6,000 more and achieved overall user cost sav-
ings of about $149,000.

2.4.3.6.3 Rent-A-Lane (RL) Contracts

I/D provisions, and the calculations of Sec. 2.4.3.6.2 for I/D provisions are applicable to
RL contract provisions. Continuing with the same example, for RL provisions the Department
sets atarget lane rental = $102,000, alittle lower than its estimated lane closure cost =
$111,400 which was calculated in Sec. 2.4.3.6.2.

Under a RL provision with period cost shown in Fig. 2-41, Fig. 2-43, and Fig. 2-44, the
contractor, HiWay bids its Standard Case contract amount plus its additional coststo lower its
lane-closure cost plus its estimated lane rental fee. The period cost values for the RL provision are
the same as for the I/D provision, so HiWay would see the same incentive to reduce lane-closures
with RL it would see with I/D, and HiWay would select the same lane closure plan. HiWay’s lane

CO® User Manual September 18, 1997 Page 2-74



closure plan developed for I/D has an estimated lane rental fee = 97,450 — 102,000 = — $4,550.
Therefore, with the RL provision HiWay's bid = 500,000 + 6,000 — 4,550 = $501,450, at which
HiWay expects to earn contract cost = 501,450 + 4,550 = $506,000, the same as with an |I/D
provision.

HiWay’'s $501,450 bid wins, actual lane closure is as shown in Fig. 2-45, HiWay pays lane
rental = 103,750 — 102,000 = $1,750, for actua contract cost = 501,450 — 1,750 = $499,700,
just as with 1/D. The Department pays $300 less than for the Standard Case, with no savingsin
user cost due to LR provisions. However, the RL provisions implemented the 7A-5P, Publicity
method, which reduced user cost by about $130,000 relative to 7A-5P without publicity, at no
cost to the Department, except for its $16,000 cost for the publicity program. Aswith I/D, had
HiWay’ s estimated period cost been correct, the Department would have paid about $6,000 more
and achieved overall user cost savings of about $149,000.

If the Department setstarget lane rental = $111,400, al (RL) values would be identical
to the I/D example. Conversdly, if the lane rental feeis zer o-budget based, the tar get rental fee
=0, for which Hiway’s bid = 500,000 + 6,000 + 97,450 = $603,450, for which HiWay expectsto
earn estimated contract cost = $506,000, as in the other cases.

2.4.3.6.4 A plus B (A+B) Contracts

A+B contract provisions parallel I/D and RL provisions, and the calculations of both Sec.
2.4.3.6.2for 1/D and Sec. 2.4.3.6.3 for RL are applicable to A+B provisions. For A+B provisions,
the Department includes Fig. 2-41, Fig. 2-43, and Fig. 2-44 in its bid documents to specify period
cost. Estimated project period cost = $111,400, as calculated for I/D in Sec.2.4.3.6.2

HiWay bids its Standard Case contract amount plus its additional coststo lower itslane
closure cost. The period cost values for the A+B provision are the same as for the I/D and RL
provisions, so HiWay would see the same incentive to reduce lane closures with A+B it would see
with I/D and RL, and HiWay would select the same lane closure plan. Therefore, with the A+B
provison HiWay bids A = 500,000 + 6,000 = $506,000, expecting to earn estimated contr act
cost = $506,000, the same as with an I/D provision or an RL provision. HiWay’s lane closure plan
is the same as would be developed for I/D, with bid B = 97,450 — 102,000 = — $4,550. HiWay’s
total bid = A + B = 506,000 — 4,550 = $501,450, the same as for an RL provision, which com-
petes with other contractors' bids.

HiWay’'s $501,450 bid wins, actual lane closureis as shown in Fig. 2-45, actual period
cost = 103,750 — 102,000 = $1,750, and contract cost = 506,000 — (1,750 + 4,550) = $499,700,
just aswith 1/D and RL. The Department pays $300 less than for the Standard Case, with no sav-
ingsin user cost due to LR provisions, aswith I/D and RL.. However, the A+B provisionsim-
plemented the 7A-5P, Publicity method, which produced user cost savings » $130,000 relative to
7A-5P without publicity, at no cost to the Department, except for its $16,000 cost for the public-
ity program. Aswith I/D or LR, had HiWay’s estimated period cost been correct, the Department
would have paid about $6,000 more and achieved overall user cost savings » $149,000.

2.4.3.6.5 Nighttime Construction - Liquidated Damages for Daytime Closure

Aswe discussed in Sec. 2.4.1.4, pg. 2-28, if the contract requires work to be done at
night, there is no need for contract period cost for nighttime lane closures. However, A typical
manner of enforcing contract provisions regarding lane closure is to include liquidated damages in
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the construction contract. In the case of nighttime work, liquidated damages can be an instrument
with which to enforce contract provisions that prohibit daytime lane closures. Liquidated damages
act as adisincentive to a contractor closing alane during the day and to reimburse the public (in
the form of the Department) for its user cost. Therefore, liquidated damages should not exceed
user cost. Fig. 2-52 is an example of liquidated damages = user cost, rounded-off to $100 for
8A-8P, calculated by the Period Cost View and based on the User Cost View of Fig. 2-17, pg. 2-
37. Conversaly, liquidated damages can indicate the Department considers it appropriate to en-
courage a contractor to close alane when doing so will save the contractor more than the result-
ing liquidated damages incurred. Using liquidated damages in this manner parallels the use of pe-
riod cost in I/D, RL, and A+B Specia Provisions, and liquidated damages = period cost < user
cost is appropriate. Fig. 2-53 is such atable of liquidated damages, which contains the same val-
ues for 8A-8P as Fig. 2-24, pg. 2-46, which are 33.3% of user cost, rounded-off to $100.

We generally do not want to set liquidated damages completely out of range of regular
contract cost, unless the actions for which damages will incurred are meant to be absolutely pro-
hibited. Fig. 2-8 and Fig. 2-10 shows estimated |abor related costs for the Standard Case =
$150,000 for 120 paid hours. This represents labor related costs of $1,250/hr. Therefore, the lig-
uidated damages in Fig. 2-52 are too high by this criteria; whereas, Fig. 2-53 is not.

Liquidated Damages

Cost per Period
Period (min): 60 15
8A-9A $4,500 $1,125
9A-10A $3,000 $750
10A-11A $2,300 $575
11A-12P $2,900 $725
12P-1P $3,800 $950
1P-2P $3,700 $925
2P-3P $3,700 $925
3P-4P $4,400 $1,100
4P-5P $5,900 $1,475
5P-6P $6,900 $1,725
6P-7P $5,000 $1,250
7P-8P $2,300 $575

Fig. 2-52 Liquidated Damages for Daytime Closure at User Cost

Liquidated Damages

Cost per Period
Period (min): 60 15
8A-9A $1,500 $375
9A-10A $1,000 $250
10A-11A $800 $200
11A-12P $1,000 $250
12P-1P $1,300 $325
1P-2P $1,200 $300
2P-3P $1,200 $300
3P-4P $1,500 $375
4P-5P $2,000 $500
5P-6P $2,300 $575
6P-7P $1,700 $425
7P-8P $800 $200

Fig. 2-53 Liquidated Damages for Daytime Closure at One-Third User Cost
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CHAPTER 3
CONSTRUCTION TRAVEL ROUTES

3.1 ROUTE CALCULATIONS

3.1.1 INTRODUCTION

Work zones can disturb normal traffic, (1) requiring vehicles to travel more slowly
through the work zone or detour or (2) leading vehicles to divert to alternate route(s) that are
generaly longer and/or dower or (3) leading drivers to cancel trips. Travel on the normal route at
normal speed is called normal travel, and travel through or around the work zone during con-
struction work (such as during alane closure) is called method travel. There are four modes by
which avehicle can travel between two points:

work zone method travel istravel through the work zone during periods in which con-
struction is performed, or travel on arequired detour around the work zone, if present.
work zone normal travel isthe alternative to work zone method travel, before or after
construction has been performed.

diversion method travel istravel around the work zone (or required detour, if present)
that drivers select to avoid going through the work zone (or required detour, if present).
diversion normal travel isthe alternative to diversion method travel, before or after con-
struction has been performed.

Sec. 1.5.1.5, pg. 1-10 describes travel distances and speeds more clearly, and Fig. 1-3
Work Zone and Diversion Distances, pg. 1-11 illustrates the four routes, with and without a de-
tour.

Delay caused by the ower speeds of traveling through the work zone we call speed de-
lay. Delay due to increased distance and/or decreased speeds of diverting to an aternate route is
diversion delay. Therefore, in generd,

delay = method travel time — normal travel time (36)
speed delay = work zone method travel time

—work zone normal travel time (37)
diversion delay = diversion method travel time (38)

—diversion normal travel time
The basic relationship among L = travel distance, S= travel speed, and T = travel time for
route segment i is described by
L.
=g (39)
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3.1.2 COMBINATION OF DISTANCES, TIMES, AND SPEEDS ALONG A ROUTE

We often need to calculate total distance and time and average distance, time, and speed
for segments of travel that make up aroute. Distances and times can be added to calculate the
total distance and time for aroute of N segments.

Liota = @ L (40)
i=1toN
o] o] L
Ttotal = a TI = a — (41)

i=ZItoN i=1toN
Average speed along aroute made up of N segmentsis calculated from

o
L calk
Swerage = —28 = =0 (42)
Tiotal a i
i=1toN S
Note the following inequality:
&s & 7
: , T
1 i=1toN _i=1toN 43
Saverage N N ( )

3.1.3 EQUIVALENT DISTANCE, TIME, AND SPEED FOR A GROUP OF ROUTES

Often, different vehicles will select different routes among which to divert. In thisinstance,
we need to determine distance, time, and speed values for aroute that is equivalent to a group of
N routes, based on V; = the number of vehicles that travel route i, and W, = fraction of vehicles
that travel each route i, wherei = 1 to N. This can be called the equivalent route or average
route.

We calculate total vehicles, travel distance, and travel time from the following:

o]
Viotal = @ Vi (44)
i=1toN
Lot = @ ML (45)
i=1toN
o L
Ttotal = a Vl — (46)
i=1toN S

The fraction of vehicles that travel routei = % that take routei, which we also cadl the
W = weight of vehiclesthat travel routei, is calculated from the following:

\Y/ \Y/
=1 =4 (47)
Vtotal a Vl
i=1toN

We can now calculate the average travel distance, time, and speed from the following
eguations:
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a ik

L - 0
L — total _ i=1 th = a WL ((48)
average Vtotal a V| i=1toN I
i=1toN
o v ;,
T - L
Taverage = total = I=Lto ] = awt=a w2 (49)
Votal aVi i=1toN i—loN 3
i=1toN
o
a Vil
S, - Liotal —_i=1toN
verage ~ . ° L
total a \/I —
i S
i=1toN
. (50)
a WL
L .
_ average _ _i=1toN
Taverage é V\/I h
i=1toN S
Note the following inequality:
o o L
Swerage® AWS= a W (51)
i=1toN i=1toN i

3.1.4 ROUTES SHEET (ROUTES TAB) CALCULATIONS

3.1.4.1 Routes Sheet (routes tab)

Calculation of route properties is automated in the Routes Sheet of CO?, of which Fig. 3-2
is an example. The Routes Sheet is also explained in Sec. 1.5.2, pg. 1-15. It consists of two tables
; 7
or views:

Route Distance, Speed, and Time table or view, which is also called the Route
Travel table or view for short, calculates travel distance, speed, and time that is
equivalent to a group of routes.

Route User Costs view calculates the individua vehicle user costs for work zone and
diversion routes.

3.1.4.2 One Diversion Path with Unequal Speeds

Fig. 3-1 shows a map on which the normal route is Main Street and a single diversion
route consists of Oak, Second, and EIm. The work zone method route = work zone normal
route = ab = 1.5 mi. From Eq. (24) we can calculate the diversion method route=1+3+1=5
mi along Oak, Second, and EIm. The diversion normal route = 3 mi = the normal route that will

" In the examples in this chapter, the Route Distance, Speed, and Time table is above the Route User Costs table,
which is the reverse of the actual orientation of the Routes Sheet. The reason for the normal order of tablesisto
allow easy Copy and Paste to create additional Route Travel tables at the end of the Route Sheet. We have re-
versed the order here, to focus on the actual order of inputting data into the Route Distance, Speed, and Time ta-
ble first. Then we use the values in the Route User Costs table (or in the Input Sheet and Traffic Sheet).
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be traveled in place of the diversion route. Fig. 3-2 shows the Routes Sheet for routesin Fig. 3-1.
The Route Travel table shows input and calculation of route properties for the diversion normal
route and diversion method route. The diversion normal route consists of Main for 3 mi at 55
MPH, which takes 3.27 min. The three streets of the diversion method route total 5 mi at an aver-
age speed of 35.71 mph, which takes 8.40 min. By Eq. (30), diversion delay = 8.40 — 3.27 =
5.13 min, for the greater length =5 —3 =2 mi at a speed sower by 55 —35.71 = 19.29 mph.

The Route User Coststablein Fig. 3-2 shows input of route distance and speed and out-
put of travel times and user costs for the routes. All Route User Costs input can be taken directly
from Fig. 3-1 except for the diversion method route, for which we input the travel distance and
speed output from the Route Travel table. The user cost calculations on the Route Sheet are the
same asin the Input Sheet. For example, Fig. 3-3 shows a portion of an Input Sheet into which
we have input the same distance, speed, and speed delay valuesasin Fig. 3-2. We seein Fig. 3-3
the same variables and output asin Fig. 3-2. Therefore, we generaly use the Route Sheet only to
calculate the equivalent route for complex routes. We then input the equivalent route distance,
speed, and speed delay values into either the Route Sheet or the Input Sheet and calculate route
user costs.

3.1.4.3 Two Equal Diversion Paths, Unequal Speeds

Fig. 3-4 shows two aternative diversion routes for the same normal route asin Fig. 3-1.
40% of diverted traffic has been estimated to divert to Second Street and 60% to First Street.
These percentages are entered in % that take route = W in the Fig. 3-5 Routes Travel table
which calculates the equivalent or average diversion method route = 5.0 mi at 36.76 mph taking
8.16 min, which is +2.0 mi, -18.24 MPH, and +4.89 min compared to the 3 mi normal method
route. We entered the diversion method distance and speed into the Route User Costs table,
which calculated the travel and user cost values shown. Note that we have input two sets of route
input into Fig. 3-5, the second of which includes range speed delay input. This demonstrates that
we can use the Route Sheet for both threshold travel and range travel.
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Fig. 3-1 Map for One Diversion Path with Unequal Speeds

ROUTE DISTANCE, SPEED, AND TIME | Route Title: |[Second St: Diversion Travel
Normal Travel Method Travel
Input Calculated Values Input Calculated Values
% that Travel |Weighted |Weighted % that Travel [Weighted |Weighted
Route Take Distance | Speed Time Distance Time Route Take Distance | Speed Time Distance Time
Name Route (mi) (mph) (min) (mi) (min) Name Route (mi) (mph) (min) (mi) (min)
Main 100% 3 55 3.27 3 3.27 Oak 100% 1 30 2.00 1 2.00
Second 100% 3 45 4.00 3 4.00
Elm 100% 1 25 2.40 1 2.40
Totals 1.00 3.00 3.27 Totals 3.00 5.00 8.40
Averages 3.00 55.00 3.27 Averages 5.00 35.71 8.40
Differences 2.00 -19.29 5.13
ROUTE USER COSTS
VEHICLE INPUT cars trucks
user cost per hour ($/V hr)] _$10.79 $10.79
user cost per mile, ($/V mi)] $0.30 $1.00
ROUTE TITLES Second St
DISTANCE AND SPEED INPUT (mi) (mph)| distance speed distance | speed distance speed distance | speed
work zone method travel 1.5 see delay see delay see delay see delay
normal travel 1.5 55
diversion method travel 5.0 35.7
normal travel 3.0 55
SPEED DELAY INPUT threshold| range |threshold| range |threshold{ range |threshold| range
capacity for speed delay (V/hr)
speed (when D~0) (mph), 45
speed (when D=C) (mph) 25
WORK ZONE TRAVEL
zone normal travel time (min) 1.64
zone method travel time (when D~0) (min) 2.00
speed delay (when D~0) (min) 0.36
zone method travel time (when D=C) (min) 3.60
speed delay (when D=C) (min) 1.96
WORK ZONE USER COST threshold| range |threshold| range |threshold| range |threshold| range
car speed delay user cost (when D~0) $0.07
truck speed delay user cost (when D~0) $0.07
car speed delay user cost (when D=C) $0.35
truck speed delay user cost (when D=C) $0.35
DIVERSION TRAVEL
diversion method travel time (min) 8.40
diversion normal travel time (min) 3.27
diversion delay (min) 5.13
extra diversion travel distance (mi) 2.0
DIVERSION USER COST cars trucks cars trucks cars trucks cars trucks
diversion delay user cost| $0.92 $0.92
diversion distance user cost| $0.60 $2.00
diversion user cost| $1.52 $2.92
backup delay balance (min) 6.50 14.29

Fig. 3-2 Routes Sheet for One Diversion Path with Unequal Speeds
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PROJECT INPUT AND DOCUMENTATION Project:

By:
Other:
METHOD INPUT METHOD #
method title
VEHICLE INPUT cars trucks

design demand (%),

user cost per hour ($/V hr)| $10.79 | $10.79

user cost per mile, ($/V mi)] $0.30 $1.00

OO

user cost per cancellation, ($/V)

ROUTE TITLES Standard
DISTANCE AND SPEED INPUT distance| speed
@ work zone method travel 15 [see delay
@ work zone normal travel 15 655
@ diversion method travel 5.0 35.7
@ diversion normal travel 3.0 655
SPEED DELAY INPUT threshold| range

capacity for speed delay (V/hr)

speed (when D~0) (mph) 45

OO

speed (when D=C) (mph) 25

=

'ORK ZONE TRAVEL threshold| range
normal travel time (min)| 1.64

method travel time (when D~0) (min)| _2.00
speed delay (when D~0) (min)] 0.36

method travel time (when D=C) (min)| _ 3.60
speed delay (when D=C) (min)] 1.96

WORK ZONE SPEED DELAY USER COST threshold| range
car speed delay user cost (when D~0) | $0.07

truck speed delay user cost (when D~0) | $0.07

car speed delay user cost (when D=C) | $0.35

truck speed delay user cost (when D=C) | $0.35
DIVERSION TRAVEL
method travel time (min)| _8.40

normal travel time (min)| 3.27

diversion delay (min)] _5.13

extra diversion travel distance (mi) 2.0

DIVERSION USER COST cars trucks
diversion delay user cost| $0.92 $0.92
diversion distance user cost| $0.60 $2.00

diversion user cost] $1.52 $2.92
backup delay balance (min)] 6.50 14.29

Fig. 3-3 Portion of Input Sheet for One Diversion Path with Unequal Speeds (see Fig. 3-2)

3.1.4.4 Two Unequal Diversion Paths, Unequal Speeds

Fig. 3-6 (which isthe same as Fig. 1-4, pg. 1-18) shows two alternative diversion routes
of different length, each of which has a different normal route. Of the traffic that diverts, 40% di-
verts to Oak-Second-EIm = 5 mi instead of traveling 3 mi on Main and 60% diverts to Oak-First-
Elm = 6 mi instead of traveling 4 mi on Main. The Fig. 3-7 Route Travel table calculates the
equivalent or average normal route (on Main) = 3.6 mi at 55.0 MPH taking 3.93 min and equiva
lent or average diversion is 5.6 mi at 40.29 MPH taking 8.34 min. Thisis +2.0 mi, -14.71 mph,
and +4.74 min compared to the normal route. The Fig. 3-7 Route User Cost table calculates
travel times and delays and user costs for the equivalent route, which are the same as we would
caculate in an Input Sheet.
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Fig. 3-4 Map for Two Equal Diversion Paths with Unequal Speeds

ROUTE DISTANCE, SPEED, AND TIME |

Route Title:

First & Second: Diversion Travel

Normal Travel

Method Travel

Input Calculated Values Input Calculated Values
% that Travel |Weighted |Weighted % that Travel [Weighted |Weighted
Route Take Distance | Speed Time Distance Time Route Take Distance | Speed Time Distance Time
Name Route (mi) (mph) (min) (mi) (min) Name Route (mi) (mph) (min) (mi) (min)
Main 100% 3 55 3.27 3 3.27 N. Oak 40% 1 30 2.00 0.4 0.80
Second 40% 3 45 4.00 1.2 1.60
Elm 40% 1 25 2.40 0.4 0.96
S. Oak 60% 1 30 2.00 0.6 1.20
First 60% 3 50 3.60 1.8 2.16
Elm 60% 1 25 2.40 0.6 1.44
Totals 1.00 3.00 3.27 Totals 3.00 5.00 8.16
Averages 3.00 55.00 3.27 Averages 5.00 36.76 8.16
Differences 2.00 -18.24 4.89
ROUTE USER COSTS
VEHICLE INPUT cars trucks
user cost per hour ($/V hr)] $10.79 $10.79
user cost per mile, ($/V mi)| $0.30 $1.00
ROUTE TITLES First & Second With Range Capacity
DISTANCE AND SPEED INPUT (mi) (mph) distance | speed distance | speed distance | speed distance | speed
work zone method travel 1.5 see delay 1.5 see delay see delay see delay
normal travel 1.5 55 1.5 55
diversion method travel 5.0 36.8 5.0 36.8
normal travel 3.0 55 3.0 55
SPEED DELAY INPUT threshold| range [threshold| range |threshold| range |threshold| range
capacity for speed delay (V/hr)
speed (when D~0) (mph) 45 45 40
speed (when D=C) (mph) 25 25 15
WORK ZONE TRAVEL
zone normal travel time (min) 1.64 1.64 1.64
zone method travel time (when D~0) (min) 2.00 2.00 2.25
speed delay (when D~0) (min) 0.36 0.36 0.61
zone method travel time (when D=C) (min) 3.60 3.60 6.00
speed delay (when D=C) (min) 1.96 1.96 4.36
WORK ZONE USER COST threshold| range [threshold| range |threshold| range |threshold| range
car speed delay user cost (when D~0) $0.07 $0.07 $0.11
truck speed delay user cost (when D~0) $0.07 $0.07 $0.11
car speed delay user cost (when D=C)| $0.35 $0.35 $0.78
truck speed delay user cost (when D=C) | $0.35 $0.35 $0.78
DIVERSION TRAVEL
diversion method travel time (min) 8.16 8.16
diversion normal travel time (min) 3.27 3.27
diversion delay (min) 4.89 4.89
extra diversion travel distance (mi) 2.0 2.0
DIVERSION USER COST cars trucks cars trucks cars trucks cars trucks
diversion delay user cost] $0.88 $0.88 $0.88 $0.88
diversion distance user cost] $0.60 $2.00 $0.60 $2.00
diversion user cost| $1.48 $2.88 $1.48 $2.88
backup delay balance (min) 6.26 14.05 6.26 14.05

Fig. 3-5 Routes Sheet for Two Equal Diversion Paths with Unequal Speeds

3.1.45 Two Normal Paths and Two Diversion Paths

Fig. 3-8 shows two normal routes that share different portions of work zone FG. At the
AF fork of G, 30% take A and 70% take F. Diverted traffic has aternative routes, of which 25%
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take B, 50% take KH, and 25% take KJD. The first Fig. 3-9 tables both show equivalent normal
route for calculating speed delay = 4.40 mi at 45.52 MPH taking 5.80 min. The “Work Zone
Travel when D ~ 0" table shows method travel speed (when D ~0) = 32.20 MPH. The “Work
Zone Travel when D 3 C” table shows method travel time (when D 3 C) = 15.17 MPH. The
“Diverted Traffic” table shows the equivalent normal route for diversions = 8.25 mi at 47.03
MPH taking 10.52 min, and the equivalent diversion route = 10.5 mi at 34.05 MPH taking
18.50 min. Thisis +2.25 mi, -12.98 MPH, and +7.97 min compared to the normal route. Fig. 3-10
shows travel times and delays and user costs for the equivalent route, which are the same aswe
would calculate in an Input Sheet.

3.1.4.6 Two Normal Paths and Two Diversion Paths, Truck Diversion t Car Di-
version

Fig. 3-11 isthe same as Fig. 3-8, except that trucks are not allowed to take B or J.
Therefore, no trucks can divert from AG, and al trucks that divert from DEFG must take HK.
Therefore, 100% of diverted trucks take HK. Fig. 3-12 calculates equivalent routes. Itsfirst two
tables are the same as the first two tablesin Fig. 3-9. However, diverted cars and diverted cars
have different equivalent routes, which are calculated in the second two tables. The equivalent
routes for diverted carsis shown in the third table of Fig. 3-12, which is the same as the equiva-
lent diversion route for all traffic in Fig. 3-9. The “Diverted Trucks’ table (the fourth table) shows
the diversion normal route for trucks is CDEFG, because all trucks that divert would normally
have taken this route. This equivalent normal truck route for diversons=8mi at 47.06 MPH
taking 10.20 min. The equivalent truck diversion route = 11 mi at 33.00 MPH taking 20 min,
which is +3.00 mi, -14.06 MPH, and 9.80 min more than the normal route. Fig. 3-13 shows travel
times and delays and user costs for the equivaent route, which are the same as we would calcu-
late in an Input Sheet.
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Fig. 3-